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June  1999 ABSTRACT 
This  thesis  describes  a  cell  biological  approach  to  studying  lameness  in  the  dairy 
cow.  Lameness  has  been  associated  with  altered  keratinisation  in  the  epidermis  of  the 
bovine  hoof  Claw  tissue  was  obtained  by  an  in  vivo  claw  biopsy  technique.  The 
biopsies  were  cultured  in  the  presence  of  L-[35S]-methionine  and  [3H]-thymidine  for 
measurement  of  protein  synthesis  and  cell  proliferation  respectively. 
The  influence  of  nutritional  and  environmental  stressors  on  keratinisation  in  the 
claw  was  investigated.  Protein  synthesis  was  found  to  be  significantly  higher  after 
challenge  with  these  factors.  It  was  not  clear,  however,  if  this  was  an  effect  of 
challenge  or  the  biopsy  procedure  itself 
Physiological  and  endocrinological  changes  associated  with  pregnancy  and 
lactation  also  appeared  to  have  an  effect  on  claw  keratinisation.  In  a  long-term 
developmental  study  of  first-calving  heifers  changes  in  cell  proliferation  and  protein 
synthesis  were  related  to  reproductive  state.  A  dramatic  seasonal  effect  on  claw  cell 
biology  was  also  demonstrated.  The  keratinocytes  were  actively  proliferating  and 
keratinising  during  the  summer  months  but  were  quiescent  during  the  winter. 
A  final  study  investigated  the  cell  biological  changes  which  occur  in  the  claw 
during  the  onset,  development  and  recovery  stages  of  weight-bearing  challenge  and  the 
effects  of  concrete  flooring.  During  challenge  cell  proliferation  increased  significantly 
in  claws  subjected  to  weight-bearing.  The  tissue  may  have  been  responding  to 
challenge,  however,  the  biopsy  procedure  itself  could  also  have  had  an  effect  due  to  the 
short-time  period  between  samplings. 
To  conclude,  altered  keratinisation  in  the  claw  may  be  related  to  physiological 
and  endocrinological  changes  as'sociated  with  season  and  reproduction.  However, 
changes  in  management  may  also  be  important  and  further  investigation  is  required. ACKNOVMEDGEMENTS 
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xvii CHAPTER  ONE 
LITERA  TURE  RE  tjE  W 
1.1  COSTS  AND  INCIDENCE  OF  LAMENESS 
Lameness  is  one  of  the  most  important  conditions  affecting  the  modem  dairy 
cow.  It  has  serious  implications  with  respect  to  animal  welfare  since  most  aberrations 
of  gait  are  associated  with  pain  (Whay  et  uL,  1997,1998). 
Estimates  of  the  annual  incidence  of  lameness  in  the  UK  dairy  herd  vary 
considerably.  In  1960,  Leech  et  al.  reported  a  lameness  incidence  of  only  4%  in  UK 
herds.  However,  on  average  lameness  is  thought  to  affect  about  15-17%  of  cows 
(Esslemont  and  Kossaibati,  1996;  Collick  et  al.,  1989).  Higher  estimates  of  25%  and 
over  (Arkins,  1981)  may  be  due  to  the  inclusion  of  less  serious  cases  which  stockmen 
treat  themselves  as  well  as  those  cases  treated  by  the  veterinarian.  On  the  other  hand,, 
a  recent  epidemiological  survey  conducted  by  Liverpool  UnIversity  on  37  farms  found 
an  annual  incidence  of  55%  (Clarkson  et  aL,  1996),  and  it  is  now  believed  that  earlier 
studies  did  underestimate  the  problem. 
In  addition  to  the  cost  in  animal  suffering,  lameness  also  accounts  for  much  of 
the  economic  loss  incurred  by  the  dairy  farmer  today.  Lame  cows  suffer  loss  of  body 
condition,,  reduced  milk  yields  (Coulon  et  aL,  1996),  reduced  fertility  (Collick  et  aL, 
1989),  extra  cullings  (Distl,  1994),  increased  veterinary  costs  and  require  extra  time 
from  stockmen.  Indeed,,  lost  production  associated  with  lameness  is  thought  to  be 
comparable  to  that  caused  by  mastitis  (Kossaibati  and  Esslemont,  1997).  Estimates  of 
the  actual  commercial  loss  to  the  UK  dairy  industry  also  vary  greatly.  In  1983,, 
Whitaker  et  aL  suggested  that  lameness  costs  the  BrIt'sh  dairy  farmer  f35  million  per 
year  or  f  10  per  cow.  However,  Booth  (1989)  calculated  costs  to  be  f44  million 
I annually  and  Esslemont  (1990)  estimated  that  in  England  and  Wales  the  costs  of 
lameness  amounts  to  E89.2  million  every  year. 
Lameness  is  the  clinical  manifestation  of  a  variety  of  conditions,  which  can  have 
distinctly  different  origins.  However,  the  majority  of  these  conditions  (75-90%)  are 
associated  with  disorders  of  the  claw  hom  (Prentice  and  Neal,  1972;  Eddy  and  Scott, 
1980;  Russell  et  aL,  1982).  A  breakdown  of  the  types  of  lesions  seen  in  practice  was 
provided  by  the  Liverpool  epidemiological  study  (Murray  et  aL,  1996).  Most  lesions 
(92%)  were  associated  with  the  hind  feet,  more  than  half  of  these  (65%)  were  in  the 
outer  claw  and  only  14%  were  in  the  inner  claw,  with  skin  lesions  constituting  the 
remainder.  Solear  ulcers  were  the  most  common  lesion  followed  by  white  line  disease. 
1.2  ANATOMY  OF  THE  BOVINE  FOOT 
1.2.1  Definition  of  terms 
The  literature  is  inconsistent  in  the  use  of  the  terin  "foot"  in  relation  to  the 
bovidae.  It  has  been  used  to  describe  "the  distal  part  of  the  limb  including  the  expanded 
distal  ends  of  the  metacarpal/metatarsal  bones"  (Dyce  et  al.,  1987)  and  "the  region  of 
the  digits  distal  to  the  metacarpophalangeal  or  metatarsophalangeal  joints"  (Greenough 
et  al..  198  1). 
Use  of  the  teirm  "hoof'  is  also  not  consistent.  Definitions  have  included  "the 
distal  phalanx  and  its  skin  covering"  (Habermehl,  1981)  and  "the  horny  keratinised 
covering  of  the  digit"  (Dyce  et  al.,  1987).  Most  authors  use  the  tenn  "claw"  to  describe 
a  single  digit  of  the  bovine  foot. 
In  this  thesis  the  tissue  which  composes  the  horny  outer  covering  (stratum 
corneum)  of  the  digit  is  termed  the  "claw  horn".  The  term  "foot"  is  taken  to  mean  the 
horny  claw  capsules  of  the  two  main  digits  and  the  structures  contained  within  them. 
2 The  term  "claw"  is  used  to  describe  a  single  digit. 
1.2.2  The  gross  anatomy  of  the  bovine  foot 
The  gross  appearance  of  the  bovine  foot  is  shown  in  Figure  1.1.  Each  foot  has 
two  main  claws,,  medial  (digit  3)  and  lateral  (digit  4)  and  two  accessory  claws  (digits 
2  and  5).  The  structures  contained  within  the  horny  outer  covering  (claw  capsule)  are 
shown  in  Figure  1.3. 
The  covering  of  the  distal  part  of  the  digit  is  formed  by  a  specialised  epidermal 
structure,  the  claw  capsule.  The  claw  capsule  can  be  divided  for  description  into  four 
regions;  periople,  wall,  sole  and  heel  bulb  (Figure  1.2).  Each  region  of  hom  is  produced 
by  a  specialised  area  of  epidermis  and  supported  by  the  corresponding  dermis,  or 
corium  (Dyce  et  al.,  1987).  The  coronary  band  or  border  is  the  border  between  the  skin 
and  claw  capsule  (Figure  1.1).  The  periople  is  a  narrow  band  of  soft  hom  at  the 
coronary  border  which  is  continuous  across  the  interdigital  space.  Perioplic  hom 
overlies  the  coronary  horn  of  the  wall  in  the  proximal  I  to  1.5  cm  of  the  claw.  The 
periople  merges  with  the  bulb  hom  at  the  palmar  or  plantar  surface  (Habermehl, 
19  8  1)(Figure  1.1). 
The  wall  fonns  the  dorsal  part  of  the  claw  capsule  and  the  axial  and  abaxial 
surfaces  of  each  claw.  The  axial  and  abaxial  grooves  mark  the  junction  between  the 
wall  and  the  bulb  hom  (Figures  1.1  and  1.4).  The  hom  of  the  heel  bulb  covers  the 
caudal  aspects  of  the  digits  and  extends  into  the  centre  of  the  palmar/plantar  surface, 
where  it  merges  with  the  sole  horn.  The  true  sole  is  the  harder  horn  filling  the  V-shaped 
space  on  the  distal.  surface  between  the  bulb  and  the  white  line  (Figure  1.4). 
The  white  line  of  the  bovine  claw  is  the  region  of  hom  at  the  junction  between 
the  wall  and  the  sole  (Figure  1.4).  It  plays  an  important  role  in  establishing  and 
3 maintaining  the  attachment  of  the  wall  and  the  sole.  The  white  line  has  two 
components,  one  of  which  (the  interdigitating  horn)  is  continuous  IV"th  the  sole  horn  and 
the  other  (the  laminar  hom)  is  continuous  with  the  wall  hom  (Kempson  and  Logue, 
1993a). 
1.2.3  Specialisations  in  the  dermis  and  epidermis  of  the  bovine  claw 
In  the  bovine  foot  it  is  essential  that  the  dennal-epidermal  junction  can 
withstand  the  considerable  forces  imposed  during  weight-bearing  and  locomotion.  Firm 
attachment  of  the  dermis  and  epidermis  is  achieved  by  the  creation  of  a  large  surface 
area  at  the  tissue  interface.  In  all  areas  of  the  claw,  except  the  laminar  region,  the 
dermal  surface  is  formed  by  distally  directed  papillae  which  are  received  by 
corresponding  depressions  in  the  inner  epidermal  surface.  In  the  equine  foot  the 
basement  membrane  covering  the  individual  papillae  is  formed  into  folds  running 
parallel  to  the  axis  of  the  papilla  (Pollitt,  1994).  It  has  been  suggested  that  these  are  a 
means  of  further  increasing  the  surface  area  at  the  dermal-epidermal  interface  (Pollitt, 
1994). 
In  the  laminar  region  strong  attachment  is  made  through  the  formation  of  narrow 
folds  or  laminae  in  the  dermal  surface  (Figure  1.5).  This  creates  thin  sheets  of  dermal 
tissue  which  extend  in  a  proXimo-distal  direction  around  the  foot,  approximately 
perpendicular  to  the  surface  of  the  distal  phalanx.  Complementary  folds  in  the 
epidermal  surface  interdigitate  with  the  dermal  laminae.  The  horn  component  of  these 
epiden-nal  laminae  is  called  the  laminar  hom. 
The  arrangement  of  the  dermal-epidermal  junction  affects  the  layout  of  squames 
within  the  horn.  The  papillae  of  the  dermal  surface  in  the  perioplic,,  coronary,  solear 
and  bulbar  cona  results  in  the  formation  of  tubular  structures  within  the  overlYing  hom. 
4 These  are  proximo-distally  orientated  tube-shaped  assemblies  of  squames.  Each  tubule 
is  generated  by  the  epidermis  covering  an  individual  papillae.  The  epidermis  overlýing 
the  tip  of  the  papilla  produces  the  squames  of  the  tubule  marrow  or  medulla  and  the 
peripapillary  epidermis  those  of  the  tubule  wall  or  cortex.  Epidermis  overlying  the 
interpapillary  regions  produces  the  intertubular  hom  (Calhoun  and  Stinson,  19  81). 
In  the  wall,  the  tubules  run  proximo-distally,  approximately  parallel  to  the  dorsal 
surface  of  the  wall.  Their  size  and  shape  vary  across  the  transverse  section  of  the  wall. 
Those  in  the  inner  wall  are  rounder  in  cross-section,,  with  larger  medullae  than  those 
closer  to  the  periphery.  The  outermost  wall  tubules  are  distinctly  flattened  or  crescent- 
moon  shaped.  Tubules  give  strength  to  the  claw  horn,  but  also  have  spring-like 
properties  due  to  the  spiral  arrangement  of  the  squames  in  the  cortex.  They  are, 
therefore,  able  to  absorb  concussion  associated  with  locomotion  (Nickel,  1938). 
Figure  1.7  is  a  schematic  diagram  illustrating  the  arrangements  of  epidermis  and 
dermis  at  different  locations  in  the  dorsal  wall.  There  is  a  distinct  fold  in  the  corium 
at  the  junction  between  the  perioplic  and  coronary  coria.  As  a  result  the  perioplic  hom 
forms  a  narrow  band  overlying  the  coronary  horn.  Immediately  distal.  to  the  penople, 
in  the  coronary  region,  the  wall  consists  entirely  of  coronary  horn.  In  the  laminar 
region,  epidermal  and  dermal  laminae  interdigitate  forming  the  section  of  wall  referred 
to  as  the  stratum  internum  (Stump,  1967). 
The  coronary  horn  moves  in  a  proximo-distal  direction  as  it  is  produced,  at  a 
rate  of  approximately  5  min  per  month  (Prentice,  1973),  while  the  laminar  horn  is 
thought  to  be  forced  simultaneously  outwards  and  downwards.  The  exact  mechanism 
by  which  attachment  is  maintained  between  the  two  components  while  still  allowing 
their  movement  relative  to  one  another  is  still  unknown.  Much  smaller  amounts  of  horn 
are  produced  in  the  laminar  region  than  in  the  coronary  region  (Budras  et  al.,  1989) 
5 1.2.4  Keratinisation 
The  horny  tissue  of  the  hoof  is  generated  by  keratinisation  of  cells  in  the 
epidermis.  The  basal  (germinal)  layer  is  the  deepest  part  of  the  epidermis  and  is  the 
only  site  of  cell  division.  All  distal  layers  of  the  epidermis  are  derived  from  these  cells. 
The  cells  pass  from  the  basal  layer  (stratum  basale)  through  the  keratogenous  layers 
(maturation  zone)  to  the  surface  keratinised  layer  (stratum  corneum)(Figure  1.8). 
During  this  movement  they  undergo  a  complex  process  of  terminal  differentiation 
during  which  most  of  the  cell  contents  are  progressively  replaced  by  keratin  proteins 
(Grosenbaugh  and  Hood,  1993;  Budras  et  aL,  1989).  As  the  columnar  basal  cells  leave 
the  basal  layer  they  reorientate  to  lie  perpendicular  to  the  basal  layer  and  become 
enlarged,  flattened  and  squarnous  in  shape  (Budras  et  aL,  1989).  Each  squame  is  tightly 
bound  to  its  neighbours  by  desmosornal  intracellular  junctions  (Leach  and  Oliphant, 
1983).  In  the  maturation  layers  there  is  an  increase  in  the  synthesis  of  keratin 
polypeptides  (tonofilaments),  which  then  aggregate  into  bundles  (tonofibrils).  In 
addition,,  intermediate  filament  associated  proteins  (IFAPs),  cell  envelope  proteins  and 
lipids  are  synthesised  (Wang,  1985;  Smack  et  aL,  1994;  Elias,  1983).  The  lipid  is 
eventually  discharged  by  the  cell  and  forms  a  lipid-rich  extracellular  matrix  in  which 
the  keratinocytes  become  embedded  (Grosenbaugh  and  Hood,  1993;  Willing  et  aL, 
1994;  Elias,  1983).  As  the  cells  progress  through  the  maturation  zone  keratin 
intermediate  filaments  (EFs)  continue  to  aggregate  in  larger  bundles,  metabolic  activity 
wanes,  and  the  keratinocytes  begin  to  lose  their  cytoplasmic  organelles.  The  IFAPs 
appear  to  direct  the  incorporation  of  IFs  into  the  cell  cytoskeleton  (Grosenbaugh  and 
Hood,  1993).  The  cell  envelope  is  formed  on  the  intra-cellular  aspect  of  the  cell 
membrane  and  is  composed  of  many  cross-linked  proteins  (Grosenbaugh  and  Hood, 
6 1993;  Budras,  and  Malling,  1998).  Keratinocytes  present  in  the  cornIfied  layer  are  dead 
and  have  lost  their  nuclei.  They  are  composed  of  an  impervious  cell  envelope  packed 
with  keratin  macro-fibrils. 
1.2.5  Keratins 
Keratins  are  members  of  the  intermediate  filament  (IF)  family  (Smack  et  aL, 
1994).  All  keratins  possess  a  similar  protein  structural  organisation  that  consists  of  a 
central  oc-helical  domain  of  conserved  secondary  structure  flanked  by  distinct  amino- 
acid  carboxyl-terminal  end  domains.  There  are  at  least  30  keratins  and  they  are  divided 
into  subtypes  according  to  their  molecular  weight  (MW)  and  isoelectric  points  (Moll 
et  aL  , 
19825  1990).  Type  I  (acidic)  keratins  have  acidic  isoelectric  points  and  a  MW 
range  of  40  to  56.5kd  and  consist  of  the  keratins  K  10  through  to  K20.  Type  H  (basic) 
keratins  have  basic  isoelectric  points  and  have  a  MW  range  of  52  to  67kd  and  consist 
of  keratins  KI  through  to  K9.  The  keratins,  are  generally  co-expressed  in  specific 
pairings.  The  pairs  consist  of  one  keratin  from  each  subfamily  (Type  I  and  Type  11)  and 
the  two  keratins  in  a  pair  have  identical  'siZe  ranks'  within  their  respective  subfwnily. 
The  two  keratin  subt3rpes  are,  therefore,  expressed  in  equimolar  proportions  (Fuchs  and 
Weber,,  1994).  The  keratins  form  a  heterodimer  referred  to  as  a  'coiled-coil".  This 
association  is  stabilised  by  hydrophobic  interactions  and  disulphide  bonds.  Two,  three 
or  four  heterodimers  then  associate  with  each  other  to  form  larger  polypeptide 
complexes.  Beyond  this,  IF  formation  and  structure  remains  uncertain,  however,  it  is 
thought  that  an  individual  W  when  fully  assembled  contains  approximately  20,000  to 
30,000  keratin  polypeptides  (Parry  and  Steineit,  1992;  Stelnert  et  aL,  1993). 
7 1.2.6  Keratin  expression 
Keratins  are  present  in  all  epithelial  cells,  however,  the  expression  of  keratin 
subtypes  is  dependent  on  a  number  of  different  factors  including;  cell  type,  tissue  type, 
stage  of  embryonic  development,  degree  of  differentiation  and  disease  state.  In  adult 
human  skin,  for  example,  the  keratin  pairs  K5/Kl4  predominate  in  the  basal  cell  layer 
and  KI  /K  10  in  the  suprabasal  compartment  (Bowden,  1993).  The  human  ski  n  di  sorder, 
epidermolytic  hyperkeratosis,  is  associated  with  an  altered  pattern  of  keratin  expression. 
The  predominant  basal  cell  keratin  pair  remains  K5/K  14,  but  K6/K  16  replaces  KI  /K  10 
in  the  suprabasal  compartment  (Sridhar  et  aL,  1996). 
The  published  information  on  bovine  hoof  keratins  is  generally  very 
preliminary,  however,  recent  research  has  begun  to  identifý  patterns  in  keratin 
expression  and  localisation.  Keratins,  present  in  bovine  hoof  tissue  are  very  similar  to 
those  found  in  the  equine  hoof  A  number  of  common  keratin  subtypes,,  including 
keratins  4,,  5/6,,  10,14  and  16  have  been  identified  (Kvedar  et  aL,  1986;  Kitahara  and 
Ogawa,  1994).  Immunohistochernistry  has  shown  that  keratin  subtype  expression  is 
different  in  the  basal  and  suprabasal  layers  of  the  epidermis.  In  clinically  normal 
bovine  hoof  tissue,  keratin  10  was,  as  in  equine  hooves  (Pellman  et  al.,  1993;  Wattle, 
1998),  expressed  suprabasally,  whereas,  keratins  5/6  and  14  were  located  in  the  basal 
layer  (Grosenbaugh  and  Hood,  1992,1993;  Wattle,  1998;  Hendry  et  al.,  1998).  In 
ulcerated  bovine  hoof  tissue,  keratins  5/6  and  14  were  also  abnormally  expressed  in  the 
suprabasal  compartment  (Hendry  et  al.,  1998).  Similarly,  keratin  14  has  been  found 
suprabasally  in  tissue  from  horses  with  chronic  larninitis  (Grosenbaugh  and  Hood,  1992, 
1993).  Keratin  16,  not  usually  found  in  clinically  normal  bovine  hoof  tissue,  was  also 
detected  in  the  sole  of  ulcerated  claws  (Hendry  et  al.,  1998).  Keratin  16  is  also 
expressed  in  hyper-proliferating  suprabasal  keratinocytes  in  pathological  disewe  (Weiss 
8 et  aL  , 
1984)  and  dunng  wound-healing  (Mansbridge  and  Knapp,  1987)  in  human  skin 
epidermis. 
1.3  LAMINITIS 
1.3.1  General  background 
Laminitis  (pododermatitis  aseptica  diff-usa)  is  regarded  by  many  authors  to  be 
a  major  predisposing  factor  in  lameness  caused  by  claw  horn  disorders  such  as  white 
line  lesions  and  solear  ulcers  (Nilsson,  1963;  Greenough  et  aL,  1990;  Peterse,  1986). 
The  term  "laminitis"  is  generally  considered  to  mean  an  inflammation  of  the  laminar 
region  of  the  claw.  Laminitis  can  present  itself  in  various  forms  depending  on  the 
severity  and  duration  of  the  condition.  The  tenns  "acute",  '4;  subacute",  ".  chronic"  and 
ecsubclinical"  are  all  used. 
In  the  acute  and  subacute  forms  of  laminitis,  an  aseptic  inflammation  of  the 
dermis  coincides  with  a  systemically  sick  animal  (Greenough  et  aL,  1981;  Maclean, 
1965,1966).  At  this  stage,  however,  there  are  few,  if  any,  visible  changes  in  the  claw 
hom.  These  forins  of  larninitis  are  usually  of  sudden  onset  and  are  prone  to  recurrence 
at  varying  intervals.  They  may  progress  to  the  chronic  forms  (Weaver,  1979;  Edwards, 
1982). 
Chronic  larninitis  has  no  systemic  symptoms,  changes  are  localised  to  the  claw 
hom  (Maclean,  1966,197  1).  Growth  of  the  hom  is  disturbed  and  results  in  grooves  and 
ridges  in  the  claw  wall.  The  shape  of  the  claw  may  be  altered  to  become  elongated  with 
a  flattened  and  broadened  sole  (Greenough  et  aL,  1981;  Maclean,  1971) 
The  phenomenon  of  subclinical  laminitis  was  first  described  in  dairy  cattle  by 
Peterse  in  1979.  Changes  in  posture  or  locomotion  are  usually  not  observed.  However, 
in  subcltnical  larninitis,  also  leading  to  chronic  laminitis,  significant  changes  in  the  claw 
9 horn  are  visible.  The  horn  becomes  physically  softer,  discoloured  and  waxy  in 
appearance.  As  the  texture  of  the  horn  softens,  it  becomes  more  prone  to  wear  and 
damage.  The  horn  is  stained  yellow  and  haemorrhages  can  be  seen  on  the  weight- 
bearing  surface  of  the  claw  (Bradley  et  al.,  1989;  Livesey  and  Fleming,  1984; 
Mortensen  and  Hesselholt,  1986).  Diseases  such  as  solear  ulcers,  white  line  lesions  and 
heel  horn  erosion  are  more  prevalent  in  herds  in  which  subclinical  laminitis  has  become 
established  (Greenough,  1996). 
Laminitis  has  been  the  subject  of  numerous  veterinary  studies  over  the  years. 
These  studies  have  provided  much  information  on  the  prevalence  and  clinical 
manifestations  of  the  condition  but  have  yielded  few  Misights  into  the  biological  causes. 
Knowledge  of  the  precise  aetiology  and  pathogenesis  of  laminitis  is,  therefore,  still 
incomplete. 
1.3.2  Insult  to  the  vascular  system  of  the  dermis 
One  commonly  accepted  hypothesis  is  that  laminitis  is  the  result  of  a  primary 
insult  to  the  vascular  system  of  the  bovine  digit.  Toxic,  vaso-active  substances,  such 
as  histatnine,,  lactic  acid,,  and  endotoxin,  released  in  the  digestive  tract  or  during  post- 
partum  diseases  (endometritis,  acetonaernia.,  mastitis),  are  thought  to  severely  disturb 
the  dermal  micro-circulation  (Nilsson,  1963;  Maclean,  1965,1966;  Peterse,  1985, 
1986). 
Vaso-constriction  and  ischaernia  of  the  micro-vasculature  is  thought  to  result  in 
tissue  hypoxia,  and  nutrient  starvation,,  followed  by  necrosis  and  degeneration  of  the 
hom-producing  cells  (Maclean,  1971;  Hood  and  Stephens,  1981).  Irreversible  damage 
to  the  keratinocytes  could  result  in  the  production  of  poor  quality  hom,  which  is  also 
charactenstic  of  larninitis  (Maclean,  1971;  Hood  and  Stephens,  1981).  Histological  lyý, 
10 acute  laminitis  has  been  characterised  by  oederna,  hyperaernia,  haernorrhages  and 
thromboses  (Mortensen  and  Hessleholt,  1986;  Maclean,  1971;  Andersson  and  Bergman, 
1980).  In  chronic  larninitis,  capillary  dilation,  formation  of  thrombi,  arteriosclerosis 
and  arteriolosclerosis  have  been  observed  (Maclean,  1971,  Andersson  and  Bergman, 
1980;  Boosman,  1990).  Arteriographic  studies  of  the  bovine  claw,  in  relation  to  chronic 
laminitis,  demonstrated  arteries  with  a  narrowed  lumen  and  altered  pattern  (Boosman,, 
1990;  Maclean,  1970). 
Other  vascular  changes  may  also  be  involved  in  the  pathogenesis  of  laminitis. 
It  has  been  proposed  that  ischaemia  results  because  blood  is  shunted  away  from  the 
dermal  capillary  circulation  through  dilated  arteriovenous  anastomoses  (AVAs) 
(Greenough,  1985).  Vermunt  and  Leach  (1992b)  demonstrated  that  numerous  AVAs 
were  present  throughout  the  entire  dermis  of  the  claw  and  were  situated  predominantly 
at  the  base  of  the  dermal  papillae  and  lamellae.  These  AVAs  formed  a  direct 
connection  between  the  arterial  and  venous  divisions  of  the  dennal  circulation. 
Increased  shunting  of  blood  through  AVAs  could  be  mediated  through  toxic,  vaso- 
active  substances  such  as  histamine,  lactic  acid  and  endotoxin  (Vermunt,  1992).  This, 
in  turn,  may  lead  to  a  rise  in  local  venous  pressure,  which  spreads  to  the  capillary  bed, 
thereby,  raising  the  capillary  pressure.  Congestion  of  the  capillaries  could  lead  to 
oedema  and  focal  haernorrhages  in  the  capillary  beds  of  the  affected  tissues  (Ven-nunt, 
1992).  Such  haernorrhages  are  then  incorporated  into  the  horn.  Haemorrhage  in  the 
horn,  particularly  of  the  sole  and  white  line,  are  dominating  features  of  subclinical 
laminitis  in  cattle  (Nilsson,  1963;  Greenough  et  al.,  1990).  However,  exactly  how  an 
inflammation  in  the  laminar  region  can  express  itself  as  haemorrhage  in  the  sole  is  not 
fully  understood.  This  is  important  to  consider  because  the  sole  is  an  anatomically 
distant  region  from  the  laminae  and  has  a  different  histological  structure. 
II 1.3.3  Altered  keratin  metabolism 
A  second  theory  is  that  laminitis,  is  the  result  of  altered  keratin  metabolism  in 
the  epidermis.  Obel  (1948)  showed  that  in  the  early  stages  of  laminitis  in  horses, 
histopathological  changes  occurred  only  in  the  epidennis,  while  the  den-nal  vasculature 
during  this  initial  phase  remained  intact.  The  main  epidermal  change  consisted  of  a 
disappearance  of  keratin  precursors  from  cells  within  the  deeper layer  of  the 
keratogenous  zone.  As  laminitis  progressed,  Obel  observed  the  development  of 
inflammatory  reactions  in  the  dermis,  but  only  in  those  parts  of  the  hoof  which  were 
weight-bearing  and,  therefore,  subject  to  mechanical  stress.  These  reactions  appeared 
simultaneously  with  the  stretching  and  bursting  of  the  laminae,  the  strength  of  which 
was  reduced,  presumably  due  to  loss  of  keratin  precursors.  As  a  result  of  these 
observations,  Obel  concluded  that  laminitis  is  primarily  due  to  a  disruption  of  the 
keratinisation  process  and  that  vascular  changes  in  the  dermis  are  a  secondary 
phenomena. 
Marks  and  Budras  (1987)  also  identified  a  disruption  of  keratin  metabolism  in 
the  epidermis  during  equine  laminIt1s.  Light  microscopy  showed  an  intense 
proliferation  of  cells  in  the  germinal  layer  and  a  reduction  of  keratin  filaments  within 
these  cells.  Electron  microscopy  showed  defects  in  the  organisation  and  aggregation 
of  the  keratin  filaments  accompanied  by  a  separation  of  desmosomes  leading  to  a 
disturbance  of  the  cell  contact.  The  developing  horny  cells  had  smooth  surfaces  and  so 
were  not  in  close  contact  with  neighbouring  cells.  Their  intercellular  space  was 
widened  and  filled  with  increased  amounts  of  intercellular  material  of  inferior  quality. 
The  integrity  of  the  cell-cell  interactions  between  the  keratinocytes  and  the 
organisation  of  the  keratin  filaments  Within  these  cells,  determines  the  mechanical 
strength  of  the  hoof  horn  (Fraser  and  McCrae,  1980).  Presumably  if  keratinisation  is 
12 disturbed  this  would  result  in  the  formation  of  structurally  incompetent  hom.  Electron 
microscopy  has  identified  abnormalities  in  keratin  fibre  deposition  in  white  line  horn 
slivers  from  pre-calving  heifers  with  poor  quality  horn  (Kempson.  and  Logue,  1993b). 
Similar  abnormalities  in  keratin  fibre  organisation  have  also  been  associated  with 
inferior  hoof  hom  structure  in  the  horse  (Pellmann  et  aL,  1993). 
Impaired  keratinisation  during  laminitis  could  be  partly  due  to  an  inhibition  of 
protein  synthesis.  Incorporation  of  radiolabelled  cysteine  by  hoof  tissues  following 
intra-arterial  injection  was  significantly  lower  in  laminitic  horses  than  in  healthy 
animals  (Larsson  et  aL,  1956).  The  authors  suggested  that  during  an  attack  of  laminitis, 
epiden-nal  cells  do  not  differentiate  enough  to  be  able  to  incorporate  sulphur  containing 
amino-acids,  such  as  cysteine,  when  they  reach  the  keratogenous  zone.  Insufficient 
incorporation  of  these  amino-acids  could  lead  to  lower  levels  of  disulphide  bonding  in 
the  keratin  tissue  and  the  synthesis  of  structurally  incompetent  hom  or  cessation  of 
keratinisation  (Andersson  and  Bergman,  1980;  Smart,  1985).  The  disulphide  bonding 
in  keratin  is  known  to  give  the  claw  its  structural  integrity  (Clark  and  Rakes,  1982). 
Furthermore,,  during  keratinisation  the  organisation  of  keratin  filaments  into 
macrofibrils  is  mediated  by  small,  cysteine-rich  intermediate  filament-associated 
proteins  (IFAPs)(Smack  et  aL,  1994).  These  proteins  are  particularly  abundant  in  the 
upper  keratogenous  zone  of  the  epidermis  (Grosenbaugh  and  Hood,  1992). 
Significantly,  this  was  also  the  major  site  of  radiolabelled  cysteine  incorporation  both 
in  vivo  and  in  hoof  cultures  (Grosenbaugh  and  Hood,  1992;  Larsson  et  aL,  1956). 
Hendry  et  aL  (1997),  therefore,  suggested  that  a  deficiency  of  this  ammo-acid  could,  by 
limiting  synthesis  of  rFAPs,  disrupt  keratin  formation.  It  is  also  worth  mentioning  that 
Maclean  (1971)  reported  a  considerable  reduction  in  the  proportion  of  cysteine, 
methionine  and  lYsine  in  the  claw  hom  of  cows  affected  by  larninitis. 
13 An  in  vitro  model  was  developed,  using  clinically  normal  bovine  hoof  tissue  in 
suspension  culture,  to  investigate  whether  blood  from  animals  suffering  from  laininitis 
contains  s  stances  capable  of  disturbing  the  incorporation  of  radio-labelled  cystine  and 
methionine  by  the  keratinising  cells  of  the  epidermis  (Ekfalck  et  aL,  1985a,  b,  1988a). 
Serum  and  serum  fractions  containing  solutes  with  molecular  weights  <1,000  or 
>50,000  strongly  inhibited  the  incorporation  of  radiolabelled  cystine  and  methionine, 
suggesting  that  keratinisation.  in  vitro  was  responsive  to  pathological  influences. 
Hendry  et  aL  (1995)  developed  a  culture  system  for  bovine  hoof  tissue  explants 
in  order  to  study  the  processes  of  keratIn  synthesls  and  deposition.  Explants  were 
prepared  by  micro-dissection  and  contained  epidermal,  dermal  and  horny  boof  layers, 
Culturing  the  tissue  as  explants  maintained  the  cells  in  contact  with  each  other  and  the 
extracellular  matrix.  The  explants  behaved  in  vitro  as  in  vivo  both  in  terms  of  the 
identity  and  location  of  synthesised  protein  and  the  site  of  cell  division.  Protein 
synthesis  was  measured  by  [  35  S]-methionine  incorporation  and  DNA  synthesis,  a 
measure  of  cell  proliferation,  was  measured  by  incorporation  of  [3  H]-thymidine  and 
both  were  maintained  for  several  days  in  culture. 
This  culture  system  was  used  to  compare  keratinisation  in  clinically  normal 
bovine  claw  tissue  and  in  claws  with  solear  ulcers  (Hendry  et  aL,  1998).  Protein 
synthesis  and  cell  proliferation,  were  both  higher  in  tissue  from  ulcer  sites  than  in 
clinically  normal  tissue.  The  authors  concluded  that  ulceration  may  stimulate  cell 
repair  involving  an  increase  in  keratin  synthesis  and  keratinocyte  proliferation. 
1.3.4  Hormone  and  growth  factor  involvement 
Another  hypothesis  is  that  hormones  and  growth  factors  may  influence 
epidermal  keratinisation  in  the  bovine  hoof  (for  review,  see  Hendry  et  aL,  1997). 
14 Insulin  at  physiological  concentrations  has  been  shown  to  stimulate  both  protein  and 
DNA  synthesis  in  bovine  hoof  explants  in  culture  (Hendry  et  aL,  1999).  Hydrocortisone 
was  found  to  inhibit  protein  synthesis  in  bovine  hoof  tissue  explants  (Hendry  et  aL, 
1999)  and  this  is  comparable  to  the  findings  of  Rheinwald  and  Green  (1975)  who 
reported  that  hydrocortisone  can  stimulate  growth  and  inhibit  differentiation  of  cultured 
human  keratinocytes.  Hendry  et  aL  (1999)  found  that  prolactin  had  no  significant  effect 
on  protein  or  DNA  synthesis  in  bovine  hoof  explants  in  culture.  However,  prolactin  has 
been  reported  to  increase  proliferation  of  cultured  human  keratinocytes  (Girolomoni  el 
aL  , 
1993). 
Epidermal  growth  factor  (EGF)  has  been  found  to  stimulate  protein  synthesis  in 
bovine  hoof  tissue  explants  (Hendry  et  aL,  1999).  However,  it  has  potent  mitogenic  and 
anti-differentiative  effects  in  other  epithelial  tissues  (Rheinwald  and  Green,  1977). 
Receptors  for  EGF  have  been  detected  in  the  bovine  hoof  (Ekfalck  et  al.,  1988b)  and 
it  has  been  reported  that  EGF  receptor  distribution  is  altered  in  laminitic  equine  hoof 
tissue  (Grosenbaugh  el  aL,  199  1).  It  is  also  possible  that  the  local  production  of  EGF 
is  influenced  by  the  actions  of  systemic  hormones  as  seen  in  other  tissues  (see  review 
by  Hendry  et  aL,  1997). 
Hen'---  et  aL  (1999)  concluded  that  changes  in  the  systemic  concentrations  of  UTY 
hormones  during  pregnancy  and  lactation  could  have  important  effects  on  hoof 
keratinisation  and  may  explain  the  high  incidence  of  lameness  during  early  lactation. 
1.3.5  Basement  membrane  disruption 
The  basement  membrane  forms  a  structural  boundary  between  the  dermal  and 
epidermal  compartments  of  the  hoof  (Pollitt,  1994).  Severe  disruption  of  the  basement 
membrane  is  thought  to  be  one  of  the  earliest  pathological  events  to  occur  in  equine 
15 init's  (Pollitt,  lami  1  1996).  It  has  been  suggested  that  the  early  deterioration  of  the 
basement  membrane  and  failure  of  its  attachment  to  the  basal  cells  of  the  epidermis 
results  in  a  collapse  of  the  laminae  of  the  equine  hoof  (Pollitt,  1996). 
Examination  of  hoof  tissue  from  laminitic  horses  has  shown  a  progressive 
separation  of  the  basement  membrane  from  the  epidermal  laminae,  beginning  at  the  tips 
of  the  secondary  epidermal  laminae  and  culminating  in  the  complete  separation  of  the 
primary  epidermal  and  dermal  laminae.  Isolated  fragments  of  basement  membrane 
were  left  at  what  was  once  the  tips  of  the  primary  epidermal  laminae.  The  extent  of 
basement  membrane  damage  was  related  to  the  degree  of  laminitis  in  the  horses  at  the 
time  of  euthanasia  (Pollitt,  1996). 
1.4  AETIOLOGY  OF  LAMINUIS 
1.4.1  The  multifactorial  concept 
Mortensen  and  Hesselholt  (1982)  introduced  the  concept  that  sub-clinical 
laminitis  had  a  multifactorial  aetiology.  They  suggested  that  a  nuniber  of  predisposing 
factors,  either  separately  or  in  conjunction  with  one  another,  influenced  the  severity  and 
herd  morbidity  of  laminitis.  The  literature  suggests  that  the  major  factors  predisposing 
to  laminitis  in  cattle  are  nutrition,  management,  calving  and  season  of  the  year  (Nilsson, 
1963;  Maclean,  1965;  Greenough  and  Vermunt,  1991;  Tranter  and  MoMs,  1991). 
Other  factors  such  as  heritability  and  hoof  conformation  may  also  be  important  and  are 
discussed  in  a  review  by  Greenough  (199  1). 
1.4.2  Nutrition 
Most  authors  agree  that  excessive  carbohydrate  intake  is  the  most  important 
nutrition-related  factor  in  the  development  of  bovine  laminitis  (Nilsson,  1963;  Maclean, 
16 1965;  Peterse,  1979,  Livesey  and  Fleming,  1984).  Suddenly  increasing  the  amount  of 
carbohydrate  rich  concentrates  in  the  ration  can  lead  to  a  decrease  in  rumen  pH, 
accompanied  by  a  change  in  the  ruminal  micro-flora.  The  predominantly  Grain- 
negative  organisms  of  the  rumen  are  replaced  by  Gram-positive,  lactic-acid  producing 
bacteria  (Hungate  et  al.,  1952;  Dunlop,  1972).  Endotoxin  is  released  on  bacteriolysis 
from  the  outer  cell  wall  of  dying  and  disintegrating  Gram-negative  microbes  (Dougherty 
et  al,  1975).  High  concentrations  of  histamine  in  the  ruminal  fluid  have  also  been 
reported  during  disrupted  fermentation  (Dougherty  and  Cello,  1952).  Lactic-acid, 
endotoxin  and  histamine  can  become  toxic  if  produced  and  absorbed  in  sufficiently 
large  amounts.  On  entering  the  blood  stream  they  may  induce  local  disturbances  in  the 
microvasculature  of  the  digital  corium  (Maclean,,  1971;  Hood  and  Stephens,  1981). 
Experimental  studies  by  Nilsson  (1963)  and  Maclean  (1965)  found  that  (1) 
laminitis  was  often  associated  with  a  high  histamine  concentration  in  the  blood,  (2) 
clinical  improvement  of  some  cases  of  laminitis  was  obtained  by  the  administration  of 
antihistamines  and  (3)  subcutaneous  injections  of  histamine  induced  laminar 
abnormalities  similar  to  those  of  naturally  occurring  laminitis.  Furthermore,  Takahashi 
and  Young  (1981)  found  that  when  histamine  was  injected  into  the  digital  artery  of 
cattle  overfed  with  grain,  severe  laminitis  resulted.  However,  ruminal  acidosis  may  not 
always  be  accompanied  by  elevated  levels  of  histamine  in  the  nimen  contents  (Ahrens, 
1967) 
Telle  and  Preston  (1971)  and  Morrow  et  aL  (1973)  induced  laminitis  in  sheep 
by  intra-rurninal  infusion  of  lactic  acid.  However,  Svendsen  (1979)  and  Andersson 
(198  1)  found  no  laminitic  symptoms  in  cattle,  despite  high  blood  lactate  concentrations, 
folloWing  injection  of  lactic  acid  either  intravenously  or  intraruminally. 
Endotoxin  is  considered  to  be  iII ImPOrtant  because  acute  lam*nit*s  has  been 
17 associated  with  other  diseases  in  which  endotoxaemia  may  be  present,  such  as  mastitis, 
endometritis  and  acetonaernia  (Nilsson,  1963;  Maclean,  1965).  Endotoxaemia  has  been 
observed  in  horses  with  laminitis  resulting  from  experimental  carbohydrate  overload 
(Sprouse  et  aL,  1987).  Mortensen  et  aL  (1986)  induced  mild  signs  of  laminitis  in  cattle 
by  injecting  extremely  high  doses  of  endotoxin  directly  into  the  digital  arteries. 
Laminitis  often  occurs  immediately  after  calving  when  diet  is  suddenly  changed 
from  a  high  fibre  ration  to  a  high  concentrate  ration  (Nilsson,  1963).  Peterse  (1979) 
found  that  lesions  associated  with  laminitis  were  higher  at  eight  weeks  after  calving 
than  at  two  weeks  prior  to  parturition  and  that  these  lesions  were  significantly  higher 
in  cows  fed  a  high  concentrate  diet  compared  to  those  fed  a  low  concentrate  diet. 
Similarly,  Livesey  and  Fleming  (1984)  found  that  the  incidence  of  clinical  laminitis 
during  early  lactation  was  significantly  higher  in  cows  fed  a  high  starch  ration  compared 
to  those  fed  a  higher  fibre  diet.  Peterse  et  aL  (1986)  conducted  a  study  to  compare  a 
rapid  and  gradual  daily  increase  of  concentrate  and  no  difference  in  the  incidence  of 
laminitis  was  observed  between  animals  in  the  control  and  experimental  groups.  They 
concluded  that  the  length  of  time  during  which  the  cow  is  allowed  to  adapt  to  a  new  diet 
is  not  a  critical  factor,,  but  rather  the  high  quantity  of  concentrate  in  the  ration.  A  study 
by  Manson  and  Leaver  (1988a)  would  appear  to  confirm  this.  They  found  a  higher 
incidence  of  laminitis  in  cows  fed  high  levels  of  concentrate  than  in  cows  given  low 
levels  of  concentrates.  Greenough  and  Vermunt  (199  1)  suggested  that  the  practice  of 
feeding  large  amounts  of  concentrates  only  twice  a  day  in  the  milking  parlour  may 
result  in  reduced  forage  intake  and  this  could  lead  to  ruminal  acidosis,  predisposing  an 
animal  to  laminitis.  Smit  et  aL  (1996),  however,  found  no  correlation  between  larninitis 
and  feeding  rations  high  in  concentrate.  Similarly  Frankena  et  aL  (1992)  found  that 
feeding  of  concentrates  was  negatively  associated  with  sole  haemorrhages  in  dairy 
18 calves.  They  concluded  that  nutritional  disturbance  may  not  be  the  most  important 
factor,  but  that  behavioural,  management  and  genetic  factors  are  of  considerable 
importance  as  well. 
Protein  has  also  been  implicated  in  the  development  of  laminitis  but  the 
evidence  is  conflicting.  Manson  and  Leaver  (1988b)  found  a  greater  incidence  of 
laminitis  in  cows  fed  a  high  protein  diet  (19.8%  crude  protein  in  the  chy  matter) 
compared  to  those  fed  a  low  protein  diet  (16.1%  crude  protein).  Similarly,  Bargai  efaL 
(1992)  associated  laminitis  with  feeds  containing  18%  protein.  Vermunt  (1992) 
suggested  a  link  between  larninitis  and  high  levels  of  protein  (22%  or  more)  in  grazing 
pastures.  However,  Greenough  et  aL  (1990)  found  no  relationship  between  the  level  of 
protein  fed  to  dairy  calves  and  the  prevalence  of  solear  haemorrhages. 
There  is  also  no  evidence  that  any  particular  source  of  dietary  protein  is  more 
dangerous  than  any  other.  Offer  et  al.  (1997)  compared  the  effects  of  animal  and  soya- 
bean  protein  in  the  diet  and  found  no  significant  effect  of  protein  source  on  dairy  cow 
lameness  or  the  development  of  lesions  associated  with  laminitis.  It  is  also  unclear  what 
mode  of  action  protein  might  play  in  the  development  of  laminitis.  Nilsson  (1963) 
suggested  an  allergic-histaminotic  response  to  protein.  Others  have  implicated  toxins 
of  protein  origin  or  suggested  a  link  between  nitrogenous  breakdown  products  and 
laminitis  (Urmas,  1968;  Chew,  1972;  Bazeley  and  Pinsent,  1984). 
It  has  also  been  suggested  that  roughage  (fibre)  intake  could  be  an  important 
factor  influencing  the  occurrence  of  laminitis  (Greenough,  1990;  Peterse,  1982a).  A 
sudden  increase  in  concentrates  at  the  expense  of  a  low  quantity  of  roughage,  which  is 
often  fed  some  time  after  the  concentrates,  is  recognised  as  being  very  conducive  to 
laminitis  (Weaver,  1979).  Livesey  and  Fleming  (1984)  found  that  cows  fed  a  low  fibre 
ration  (16.5%  crude  fibre  in  the  dry  matter)  had  a  greater  incidence  of  clinical  laminitis 
19 and  of  sole  ulcer  than  cows  fed  a  high  fibre  diet  (19%)  in  a  dairy  herd  in  which  crude 
protein  and  metabolizable  energy  concentrations  were  otherwise  similar.  Peterse 
(I  982a)  recommended  that  the  level  of  roughage  should  not  be  less  than  30%  of  the  dry 
matterintake.  Similarly,  Greenough  (1985)  suggested  that  at  least  one  third  of  the  total 
dry  matter  intake  of  a  cow  should  consist  of  roughage,  with  the  necessary  qualities  to 
guarantee  good  function  of  the  rumen  as  well  as  structure  in  the  rumen  content.  An 
adequate  particle  length  of  2.5  cm  or  greater  has  been  suggested  to  ensure  rumination 
and  saliva  flow  (Vermunt,  1990). 
1.4.3  Management 
A  number  of  studies  have  linked  housing  to  an  increased  incidence  of  laminitis. 
Concrete  floors  in  cubicle  houses  are  very  abrasive  and  increase  the  rate  of  wear  of  the 
claw  horn  (Hahn  et  al,  1986).  Excessive  walking  on  hard  concrete  surfaces  may  also 
cause  compression  of  structures  inside  the  claw  and  result  in  mechanical  injury  to  the 
dermis.  Concrete  floors  are  also  often  wet  and  slippy  which  may  result  in  falls  and 
injury.  Slurry  deposited  in  passageways  creates  an  environment  which  softens  the  claw 
hom,,  increasing  the  rate  of  wear  and  enhancing  the  risk  of  damage  (Kempson  et  aL, 
1998). 
Vermunt  and  Greenough  (1996a)  found  that  sole  haemorrhages,  associated  with 
laminitis  were  significantly  greater  in  heifers  housed  inside  on  concrete  compared  to 
those  out  of  doors  on  dry  lots.  Bergsten  (1988)  also  found  a  positive  correlation 
between  laminitis  associated  lesions  and  concrete  flooring. 
Laminltis  commonly  occurs  in  heifers  suddenly  introduced  to  concrete  floored 
cubicles  after  calving  (Bazeley  and  Pinsent,  1984;  Colam-Ainsworth  et  aL,  1989) 
Weaver  (1979)  suggested  that  down-calving  heifers  should  enter  concrete  floored  yards 
20 several  weeks  beforehand  in  order  to  become  accustomed  to  the  surfaces. 
The  increased  cases  of  laminitis  following  housing  has  been  attributed  to  a 
reduction  in  resting  (lying)  time  with  heifers  spending  most  of  their  time  standing  and 
walking  on  concrete  (Singh  et  al.,  1993b;  David,  1986).  In  a  herd  with  a  high  incidence 
of  laminitis  and  associated  lesions  the  heifers  spent  longer  standing  up  than  those  in  a 
comparable  herd  with  less  lameness  (Colam-Ainsworth  et  aL,  1989).  Cattle  will  be 
reluctant  to  lie  down  on  concrete  based  cubicles,  which  are  uncomfortable  (Cermak, 
1987;  Vermunt,  1990).  Cubicles  should  be  long  enough  to  provide  cows  with  enough 
forward  space  when  rising  and  cubicle  partitions  should  be  of  "space-sharing"  design 
with  three  zones  of  free  space  for  the  head,  ribcage  and  pelvic  area  (Cennak,  1990). 
The  bedding  in  the  cubicle  also  has  a  profound  effect  on  lying  time  of  the  cow  (Cermak, 
1983).  Soft  bedding  results  in  longer  resting  times  and  less  lameness  associated  with 
laminitis  (Colam-Ainsworth  et  aL,  1989).  The  number  of  cubicles  available  per  animal 
may  also  be  important  for  heifers  since  some  are  sensitive  to  social  confrontation  when 
first  introduced  into  the  milking  herd  (Leonard  et  A,  1994;  Greenough  and  Vermunt, 
1991).  Dominant  cows  are  known  to  evict  heifers  from  cubicles  and  so  they  may  spend 
most  of  their  time  standing  on  concrete.  Logue  et  aL  (1998b)  found  that  first  calving 
heifers  housed  separately  from  the  rest  of  the  herd  after  calving  had  less  lesions  than 
similar  cattle  housed  with  adults. 
The  design  of  the  housing  system  is  also  important  because  space  is  used  very 
competitively  (Potter  and  Broom,  1987,1990).  Bazeley  and  Pinsent  (1984)  suggested 
that  when  heifers  suddenly  enter  a  large  herd  they  are  constantly  twisting  and  turning 
in  narrow  passageways  to  avoid  confrontation  with  dominant  cows  and  in  doing  so  may 
increase  stress  on  the  claw  hom  and  cause  shearing  of  hom  tubules.  Also  heifers  are 
often  last  to  enter  the  milking  parlour  and,  therefore,,  spend  long  periods  standing  and 
21 scuffling  on  concrete  yards  (Vermunt  and  Greenough,  1994). 
1.4.4  Calving 
Laminitis  is  most  common  during  the  first  three  months  of  lactation.  Nilsson 
(1963)  and  Maclean  (1965)  associated  the  increase  in  cases  after  parturition  with  the 
occurrence  of  other  post-partum  diseases  such  as  mastitis,  endometritis  and 
acetonaemia,  during  which  toxic  substances  such  as  histamine  and/or  endotoxin  may 
be  produced. 
Lameness  and  lesions  associated  vvith  laminitis  also  increase  substantially  after 
calving.  Rowlands  et  aL  (1985)  found  that  lameness  was  commonest  during  the  first 
120  days  of  lactation.  Eddy  and  Scott  (1980)  found  that  42%  of  lesions  occurred  during 
the  first  three  months  of  lactation,  and  high  incidences  in  early  lactation  have  similarly 
been  reported  by  Dewes  (1978),  Prentice  and  Neal  (1972)  and  Bradley  et  aL  (1989). 
Webster  (1995)  stated  that  one  of  the  most  striking  features  of  foot  lameness  in 
dairy  cows  is  that  approximately  75%  of  cases  occur  in  the  outer  claws  of  the  bind  feet. 
He  suggested  that  an  enlarged  udder  and  its  stored  milk  during  late  pregnancy  and  early 
lactation  places  increased  mechanical  load  on  the  hind  legs  such  as  to  predispose  to  the 
development  of  foot  problems.  However,  the  same  predisposition  to  laminitis  in  the 
outer  hind  claws  has  also  been  observed  in  heifers  as  young  as  4-11  months  old  (Bradley 
et  al.,  1989).  Therefore,  the  increase  in  laminitis  after  calving  is  probably  due  to  other 
factors  associated  with  pregnancy  and  lactation  and  not  just  the  physical  stress  imposed 
by  udder  enlargement  and  milk  storage. 
The  increase  has  been  attributed  to  sudden  changes  in  diet  and  the  introduction 
to  housing  during  the  early  post-partum  period  (Peterse,  1979,1980;  Livesey  and 
Fleming,  1984;  Greenough  and  Verrnunt,  199  1).  Housing  factors,  however,  cannot  be 
22 solely  responsible,  since  lameness  also  increases  after  calving  in  mainly  grazing  herds 
(Dewes,  1978;  Tranter  and  Morris,  199  1  ).  Furthennore,  Leach  et  al.  (1997)  found  that 
lesions  can  significantly  recover  while  animals  are  still  housed.  They  concluded  that 
physiological  factors  associated  with  reproductive  state  may  be  more  important  in  the 
pathogenesis  of  lesions  than  changes  in  physical  conditions.  Kempson  and  Logue 
(1993b)  found  that  heifers  with  poor  quality  horn  before  calving  were  more  likely  to 
contract  laminitis  during  lactation  than  those  with  good  hom.  They  suggested  that  the 
high  incidence  of  lameness  in  early  lactation  may  stem  from  earlier,  predisposing 
biochemical  events.,  but  be  precipitated  by  changes  in  animal  physiology  associated  with 
parturition  and  lactogenesis.  Also,  the  fact  that  many  lame  animals  can  substantially 
recover  in  late  lactation  and  then  relapse  in  the  following  lactation,  suggests  that 
endocrine  and  metabolic  changes  during  pregnancy  and  lactation  can  have  important 
effects  on  hoof  health  (Logue  et  aL,  1993). 
1.4.5  Season 
Nilsson  (1963)  observed  that  although  laminitis  could  occur  at  any  time  of  the 
year,  there  was  a  distinct  increase  during  winter  and  spring  and  a  decrease  during 
summer.  Huang  et  aL  (1995)  found  that  laminItis  was  most  prevalent  in  November  and 
Maclean  (1965)  reported  a  peak  in  the  number  of  cases  during  March,  April  and  May. 
It  has  been  suggested  that  the  season  of  calving  (during  the  housing  or  grazing 
period)  was  a  key  factor  in  the  incidence  of  laminitis  (Peterse,  1982b).  Indeed,  winter 
increases  in  the  number  of  cases  are  usually  attributed  to  effects  of  housing  and/or 
calVing  and  changes  in  nutrition  at  this  time  of  year. 
Bargai.  et  aL  (1992)  suggested  that  winter  out-breaks  of  laminitis  in  dairy  calves 
were  related  to  an  increased  consumption  of  protein-rich  feed.  They  suggested  that 
23 during  the  coldest  months  of  the  year  the  calves  energy  needs  increased  markedly  and 
so  their  appetite  was  far  greater  than  in  the  summer. 
A  pronounced  seasonal  incidence  of  lameness  and  lesions  associated  with 
laminitis  has  also  been  reported  in  countries,  such  as  New  Zealand,  where  year-round 
grazing  is  practised.  Lameness  occurred  most  frequently  in  the  winter  and  spring  and 
appeared  to  be  related  to  the  time  of  calving  (Dewes,  1978;  Hams  et  aL,  1988-1 
Chesterton  et  aL  . 
1989;  Tranter  and  Morris,  199  1). 
1.4.6  Laminitis  and  first-calving  heifers 
Laminitis  is  particularly  prevalent  in  dairy  heifers  around  the  time  of  their  first 
calving  (Nilsson,  1963;  Bazeley  and  Pinsent,  1984;  Bradley  et  aL,  1989;  Greenough  et 
aL,  1990;  Greenough  and  Vermunt,  1991).  It  is  likely  that  the  major  changes  in  diet 
when  they  enter  the  milking  herd,  especially  sudden  increases  in  concentrates  given 
with  little  roughage,,  can  predispose  heifers  to  laminitis.  Changes  in  housing 
enviromnent,  the  stresses  of  social  interaction  and  physiological  changes  associated 
with  calving  are  also  likely  to  be  important. 
Laminitis  can  also  occur  during  the  early  growing  period  of  young  dairy  heifers 
(Bradley  et  aL,  1989;  Vermunt,  1990).  Solear  haemorrhage  has  been  reported  in  dairy 
calves  as  young  as  five  months  (Bradley  et  aL,  1989).  It  has  been  suggested  that  a  rapid 
growth  rate  during  puberty  may  predispose  heifers  to  laminitis.  Greenough  and 
Verinunt  (199  1)  found  that  heifers  with  an  average  daily  weight  gain  greater  than  800g 
had  more  solear  haemorrhages  than  heifers  which  increased  in  weight  less  rapidly. 
Similarly,  Little  and  Kay  (1979)  associated  weight  gains  exceeding  1  OOOg  per  day  with 
laminitis.  However,  Vermunt  (1990)  found  no  evidence  of  a  correlation  between 
Iy  weight  gain  of  lesions  associated  with  laminitis  in  dairy  heifers  with  an  average  dail 
24 8OOg  per  day  from  birth  to  breeding. 
Careful  management  of  replacement  heifers  is,  therefore,  very  important  if 
laminitis  is  to  be  avoided.  The  claws  of  cattle  aged  between  8  and  13  months  are  more 
susceptible  to  nutritional  and  management  stress  than  is  the  case  with  older  animals 
(Greenough  et  al.,  1990;  Greenough  and  Vermunt,  1991).  Furthermore,  there  is 
evidence  that  once  damage  to  the  digital  corium  has  occurred  an  animal  will  be 
increasingly  sensitive  to  future  insults.  A  heifer  which  presents  with  a  solear  ulcer 
during  her  first  lactation  will  most  likely  suffer  from  lameness  in  every  subsequent 
lactation  (Enevoldsen  et  al.,  1991  -,  Offer  et  al.,  1998). 
25 1.5  AIMS 
The  aim  of  this  investigation  was  to  gain  insight  into  the  development  of 
lameness  in  the  dairy  cow.  It  was  hoped  that  the  biological  information  obtained  would 
eventually  lead  to  practical  strategies  for  avoiding  or  alleviating  bovine  lameness.  The 
objectives  were  as  follows: 
(1)  to  ensure  that  the  claw  biopsy  technique,  first  described  by  Singh  et  aL  (I  993a),, 
was  suitable  for  obtaining  claw  tissue  for  in  vitro  culture  (Chapter  3). 
to  determine  the  effects  of  nutritional  and  environmental  stressors  on  the  claw 
tissues  (Chapter  4). 
(3)  to  investigate  the  developmental  changes  which  occur  in  the  claws  of  both 
summer  and  winter  calving  heifers  between  puberty  and  lactation  (Chapter  5). 
(4)  to  investigate  changes  in  the  claw  tissues  which  take  place  during  the  onset, 
development  and  recovery  from  weight-bearing  challenge  and  the  effects 
of  concrete  flooring  (Chapter  6). 
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Figure  1.1  Lateral  view  of  the  right  fore  foot  to  illustrate  the  gross  appearance.  The 
region  of  the  Junction  between  the  hairy  skin  (sk)  and  the  hoof  capsule  is  called  the 
coronary  border  (cb).  The  perioplic  hom  (ph)  forms  a  band  at  the  coronary  border  at 
the  transition  between  skin  and  hoof  horn.  The  perioplic  horn  increases  in  depth 
towards  the  bulb  of  the  heel  (b).  The  abaxial  groove  (ab)  is  clearly  visible  at  the 
junction  between  the  bulb  and  the  dorsal  wall  (w)  of  the  hoof  capsule  of  the  lateral 
claw  (L)  (digit  4).  The  dorsal  border  of  the  medial  claw  (M)  (digit  3)  is visible.  The 
lateral  accessory  claw  (ac)  (digit  5)  can  also  be  seen. 
This  Figure  was  reproduced  with  kind  permission  from  Dr.  K.  Leach. Figure  1.2  View  of  the  interior  of  the  horny  hoof  capsule  of  the  left  front  outer 
claw.  The  hoof  capsule  is  formed  by  the  stration  cornewn  of  the  hoof  epiden-nis. 
The  most  caudal  bulb  horn  (b)  has  been  cut  away  to  give  a  clearer  view  into  the  hoof 
capsule  and  an  indication  of  the  thickness  of  the  hom  in  this  region.  The  narrow 
layer  of  perioplic  hom  (ph)  has  curled  slightly  on  removal  of  the  underlying  tissues. 
Distal  to  this  is  the  light  coloured  band  of  coronary  hom  (ch).  The  individual 
laminar  hom  leaflets  which  interdigitate  with  the  dermal  laminae  can  be  seen  in  the 
laminar  horn  (1h).  On  the  interior  surface  of  the  sole  (s)  are  depressions  which 
receive  the  dermal  papillae  of  the  sole  corium.  Ridges  are  present  on  the  exterior 
surface  of  the  abaxial  wall  (w).  The  axial  region  of  the  sole  is  concave  and  the  distal 
border  of  the  axial  wall  does  not  normally  bear  weiaht. 
This  Figure  was  reproduced  with  kind  permission  from  Dr.  K.  Leach. 
nh Figure  1.3  Sagittal  section  through  the  lateral  claw  of  the  right  hind  foot. 
The  proximal  (PI),  middle  (P11)  and  distal  (PIIT)  phalanges  and  the  distal 
sesamoid  or  navicular  bone  (n)  form  the  skeleton  of  the  digital  region.  The 
distal  part  of  the  middle  phalanx,  the  distal  sesamold  bone  and  the  whole  of 
the  distal  phalanx  lie  within  the  hoof  capsule.  The  joint  capsule  of  the  distal  1. 
interphalangeal  joint  (di)  is  extensive.  The  ten-ninal  arch  of  the  digital  artery 
(ta)  is  visible  within  the  distal  phalanx.  The  tendon  (et)  of  the  long  extensor 
muscle  has  insertions  on  both  the  middle  phalanx  and  the  extensor  process 
(ex)  of  the  distal  phalanx.  The  tendon  (sf)  of  the  superficial  digital  flexor 
muscle  inserts  on  the  proximal  plantar  surface  of  the  middle  phalanx.  The 
tendon  (df)  of  the  deep  digital  flexor  muscle  has  one  smaller  branch  which 
I.  nserts  on  the  plantar  surface  of  the  middle  phalanx  and  a  larger  branch 
which  inserts  on  the  flexor  tubercle  (ft)  of  the  distal  phalanx.  A  narrow 
layer  of  perioplic  horn  (ph)  overlies  the  coronary  horn  which  forms  the  wall 
(w)  of  the  hoof  capsule.  Distal  to  and  continuous  with  the  coronary  conum 
(cc)  is  the  larninar  corium  (1c).  The  white  line  (wl)  lies  at  the  junction 
between  the  wall  (w)  and  the  sole  (s).  The  sole  corium  (sc)  lies  between  the 
horn  of  the  sole  and  the  plantar  border  of  the  distal  phalanx.  The  bulb  horn 
(b)  covers  the  caudal  aspect  of  the  digit.  The  conum  of  the  bulb  (bc)  lies 
between  the  bulb  hom  and  the  digital  torus  (dt).  The  digital  torus  (dt)  is  a 
fatty  fibrous  pad  which  is  thicker  towards  the  heel  and  thins  towards  the  toe. 
The  accessory  claw  (ac)  contains  a  rudimentary  bone  which  does  not 
articulate  with  the  rest  of  the  digital  skeleton,  and  is  enclosed  in  its  own 
horny  capsule. 
This  Figure  was  reproduced  with  kind  permission  from  Dr.  K.  Leach. q6+- 
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Figure  1.4  Palmer  view  of  right  forefoot.  The  medial  claw  (M)  is  broader  than  the 
lateral  claw  (L).  The  distal  end  of  the  abaxial  groove  (ab)  marks  the  junction 
between  the  wall  (w)  and  the  bulb  of  the  heel  (b).  The  position  of  the  distal  end  of 
the  axial  groove  is  indicated  (T  ax).  A  slight  rid(,  Ie  is  visible  at  the  sole-bulb  junction 
(j).  The  white  line  (wl)  forms  thejunction  between  wall  and  sole  (s). 
This  Figure  was  reproduced  with  kind  IDermIsslon  from  Dr.  K.  Leach. Figure  1.5  Low  power  light  micrograph  of  a  transverse  section  through  the 
dermis  and  epidermis  in  the  laminar  region  of  the  dorsal  wall  of  the  bovine 
claw.  In  the  larninar  region  of  the  foot  the  surface  of  the  dermis  (d)  is 
formed  into  numerous  narrow  folds,  the  dermal  laminae  (d]).  These 
speciallsed  dermal  structures  interdigitate  with  epidermal  laminae  (el) 
giving  a  large  surface  area  of  attachment  between  dermis  and  epidennis. 
The  region  of  the  intercligitating  dermal  and  epidermal  laminae  is  referred  to 
as  the  stralun?  internum  (si).  A  narrow  region  of  hom  without  tubules  (*) 
separates  the  siralum  internum  from  the  tubular  coronary  horn  of  the  wall 
(ch).  The  position  of  tubules  in  the  coronary  horn  is  marked  by  densely 
stained  tubule  medullae  (tmT).  The  distribution,  density  and  size  of  horn 
tubules  varies  across  the  width  of  the  wall.  Tubules  are  most  prominent  and 
their  distribution  is  most  dense  in  the  middle  region  of  the  wall  (mi).  x  18. 
Stain:  Phloxine-Tartrazine. 
This  Figure  was  reproduced  with  kind  permission  from  Dr.  K.  Leach. Ph  Xi 
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Figure  1.6  High  power  micrograph  of  the  dermal  and  epidermal  laminae  in 
transverse  section.  The  dermal  laminae  (d])  contain  a  large  number  of  conspicuous 
blood  capillanes  (ca).  The  epiden-nal  laminae  are  composed  of  the  stratum  hasale 
(sb),  the  maturation  zone  (niz  T)  and  the  larninar  hom  leaflets  (1h).  Squames 
developing  from  the  epidermis  over  the  peripheral  tips  or  'crests'  of  the  dermal 
larninae  are  arranged  in  arched  fon-nations  (ý)  referred  to  as  the  cap  hom.  x  180. 
Stain.  Phloxine-Tartrazine. 
This  Figure  was  reproduced  Nvith  kind  permission  from  Dr.  K,  Le,,  iclh. Figure  1.7  Schematic  diagram  showing  longitudinal  and  transverse 
sections  through  the  dorsal  wall  of  the  bovine  claw. 
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Figure  1.8  Keratinisation  in  the  bovine  hoof CHAPTER  TWO 
MA  TERIALS  AND  METHODS 
2.1  INTRODUCTION 
This  chapter  describes  the  methods  commonly  used  in  the  experiments  detailed 
in  this  thesis. 
All  general  laboratory  chemicals  ,  immunochemicals  and  culture  media  were 
supplied  by  Sigma  Chemical  Company,  Poole,  Dorset,  UK,  BH12  4QH,  unless 
otherwise  stated.  Sodium  bicarbonate  solution  (7.5%  w/v),  penicillin-streptomycin 
(10,000  IU/ml,  10,000  ýig/ml)  and  fungizone  (250  ýtg/ml)  were  obtained  from  Gibco 
Ltd.,  Paisley,  UK. 
L-[35S]  methionine  was  ftom  Dupont  (UK)  Ltd.,  Stevenage, 
Hertfordshire,,  SGI  4QN.  [3  H]-methyl  thymidine  was  from  ICN,  Thame,  Oxon,  OX9 
3XA.  Liquid  scintillation  cocktail  was  from  Canberra  Packard,  Pangbourne,  UK. 
Biopsy  punches  (3  mm  diameter;  Stiefel  Laboratories,  Woodburn  Green,  UK), 
antibiotic  woundcare  powder  (Acramide;  Dates  Pharmaceuticals  Ltd.,  Skipton, 
Yorkshire)  and  claw  block  methylmethacrylate  resin  (Technovit;  Heraeus  Kulzer 
GmbH,,  Philipp-Reis-Stratze  8/13,  D-61273,,  Wehrheim/Ts)  were  all  supplied  through 
Veterinary  Drug  Company,  Falkirk,  UK,  FK2  9HJ.  Cowslips  were  a  gift  from  Giltspur 
Scientific  Ltd.,  Ballyclare,  N.  Ireland,  BT39  9NA.  Lignocaine  hydrochloride  (Lignavet) 
was  purchased  from  C-Vet  Veterinary  Products,  Leyland,  Lancashire,  UK,  PR5  3QN. 
Antibiotic  (Duphacillin)  was  from  Solvay  Duphar  Veterinary,  Southampton,  M  S030 
4QH. 
Single  distilled  tap  water  was  used  throughout,  unless  otherwise  stated. 
18 2.2  COLLECTION  AND  PREPARATION  OF  CLAW  TISSUE  EXPLANTS 
Claw  tissue  was  obtained  from  cattle  post-mortem  from  a  commercial  abattoir 
and  transported  as  soon  as  possible  after  slaughter  to  the  laboratory.  Claws  were 
thoroughly  cleaned  under  running  tap  water  and  any  dirt  was  removed  using  a  hoof 
knife.  Each  hoof  was  divided  into  separate  claws  and  one  claw  at  a  time  was  placed 
into  a  vice.  Using  an  electric  saw  each  claw  was  opened  ventro-dorsally  With  two 
parallel  separate  cuts  made  from  the  sole  through  to  the  pedal  bone.  A  block  of 
material  was  cut  out  from  the  central  portion  using  a  single  edge  razor  blade  and 
hammer. 
The  tissue  block  was  placed  immediately  into  culture  medium.  The  outer  layers 
of  horn  were  trimmed  from  the  block  using  a  razor  blade  and  it  was  sliced  into 
columnar  explants.  Each  explant  weighed  approximately  10-20  mg  and  had  the 
approximate  dimensions  0.5  mm  thick,  2  mm  wide,  and  3  rnm  long.  All  the  tissue  types 
from  corium  through  to  horn  were  present  in  each  explant. 
2.3  COLLECTION  OF  CLAW  TISSUE  BIOPSIES 
Claw  tissue  biopsies  were  taken  from  the  abaxial  wall  of  the  outer  claw  of  either 
the  left  or  right  hind  foot  essentially  as  described  by  Singh  et  aL,  1993a.  The  animal 
was  restrained  laterally  recumbent  in  a  tipping  crush  and  the  claw  to  be  sampled  was 
thoroughly  washed  with  Hibiscrub  solution  (Zeneca,  Macclesfield,  Cheshire,  UK)  and 
a  hoof  knife  was  used  to  pare  off  any  dirt  from  the  claw  wall.  The  animals'  leg  was 
shaved  to  remove  any  excess  hair  and  local  anaesthesia  of  the  foot  was  obtained  by 
intravenous  injection  of  10  ml  of  lignocaine  hydrochloride  into  the  dorsal  metatarsal 
vein  of  the  leg  and  application  of  a  tourniquet  to  achieve  counter-current  perfusion.  A 
hole  was  drilled  into  the  hom  using  a  drill  with  a  10  mm  drill  bit.  The  hom  was 
3 carefully  drilled  away  until  the  pink  colour  of  the  underlying  corium  was  visible.  A  thin 
layer  of  hom  was  left  over  the  epidermis  to  maintain  tissue  structure  when  removing  the 
biopsies.  A3  mm  sterile  biopsy  punch  was  inserted  into  the  tissue  and  rotated  about 
five  times.  The  biopsy  core  was  then  removed  and  immediately  placed  into  culture 
medium. 
From  each  10  mm  drilled  hole  we  aimed  to  remove  four  or  five  biopsies 
(between  50  and  100  mg  of  tissue  per  cow).  Often  the  use  of  sterile  forceps  was 
required  to  help  remove  the  tissue  cores.  The  hole  was  cleaned  with  sterile  swabs  and 
any  bleeding  was  slowed  by  the  use  of  10-4  M  arterenol  applied  directly  into  the  hole. 
The  hole  was  dusted  with  antibiotic  woundcare  powder  and  filled  with  Technovit  resin 
which  was  mixed  and  applied  from  a  20  ml  plastic  syringe.  Drying  of  the  Technovit 
was  accelerated  by  the  use  of  a  hairdryer.  Antibiotic  was  administered  for  three  days 
after  the  procedure  (Duphacillin;  20  ml/d,  i/m). 
Post-operatively,  the  majority  of  animals  were  slightly  lame  for  about  two  to 
three  days  and  then  recovered  to  walk  normally  afterwards.  However,  some  of  the 
animals  went  onto  develop  more  severe  lameness  problems  after  the  biopsies  were 
taken  and  further  details  are  given  later  in  the  thesis. 
2.4  PREPARATION  OF  TISSUE  CULTURE  MEDIA 
Culture  media  used  in  all  experiments  was  a  1:  1  mixture  of  Dulbecco's 
Modified  Eagle's  medium  (DME)  and  Ham's  F12  nutrient  mixture  (available  from 
Sigma  in  powdered  form).  This  is  a  serum-free  media  recommended  for  the  successful 
culture  of  epithelia  (Barnes  and  Sato,  1980).  One  vial  of  powdered  media  was 
dissolved  in  90%  of  the  final  volume  of  sterile  dH20  (900  ml).  To  this  was  added  16 
ml  of  sodium  bicarbonate  solution  (7.5%.  w/v),  20  ml  penicillin-streptomycin  and  20 
40 ml.  fungizone.  The  pH  was  adjusted  to  7.4,  additional  sterile  dH20was  added  to  bring 
the  solution  to  its  final  volume  (1000  ml)  and  the  medium  was  steri  li  sed  through  a  0.2 
gm  filter  (Gelman  Sciences,  Southampton,  UK)  and  stored  at  4'C  until  required.  The 
--T  T 
pri  was  adjusted  using  NaOH  and/or  HCI.  Culture  medium  was  made  as  fresh  as 
possible,  usually  the  day  before  use. 
2.5  CULTURE  OF  CLAW  TISSUE  EXPLANTS  AND  BIOPSIES 
Claw  tissue  explants,  and  biopsies  were  cultured  in  six-well  plastic  tissue  culture 
plates  (Costar,  Cambridge,  Mass.,  USA)  on  stainless  steel  grids.  They  Were  cultured 
in  1:  1  Dulbecco's  Modified  Eagle's  Medium/Ham's  F  12  and  an  atmosphere  of  air/C02 
(95:  5,  v/v)  at  37'C.  Each  3.5cm  diameter  culture  well  contained  between  50  and  100 
mg  of  tissue  and  2  mi.  of  culture  medium.  Tissue  was  cultured  for  three  hours  in  the 
presence  of 
L-[35S]  methionine  (20  gCi/ml)  for  measurement  of  protein  synthesis  and 
[3H]-methyl  thymidine  (5  gCi/ml)  for  determination  of  cell  proliferation  which  was 
measured  as  DNA  synthesis. 
L-[35S]  methionine  was  used  because  the  formation  of 
sulphur  rich  proteins  such  as  keratin  requires  the  presence  of  cysteine  and  methionine 
amino-acids.  [3H]-methyl  thymidine  was  used  to  measure  DNA  synthesis  because  the 
nucleotide  thymidine  is  a  DNA  precursor  and  is  not  involved  in  RNA  synthesis.  These 
isotopes  were  added  at  the  start  of  culture,,  so  there  was  no  pre-incubation  period.  At 
the  end  of  the  culture  period,  tissue  was  rinsed  in  non-radioactive  media,  blotted  on 
filter  paper  and  snap-frozen  for  storage  in  liquid  nitrogen.  Tissue  was  then  stored  at 
-70'C  until  analysis.  The  experimental  media  was  also  collected  at  the  end  of  the 
culture  period  and  snap-frozen  and  stored  at  -700C  until  analysis  for  arnount  of 
radioactivity  present. 
41 2.6  PREPARATION  OF  CLAW  TISSUE  SAMPLES 
All  procedures  were  performed  on  ice,  or  at  4'C  or  I  OOC.  Frozen  tissue  was 
thawed,  blotted  on  filter  paper  and  weighed.  Tissue  was  ground  to  a  fine  powder  under 
liquid  nitrogen  using  a  small  metal  mortar  and  pestle.  After  grinding  the  tissue  was 
suspended  at  50  mg/ml  in  0.1  M  NaH2PO4  pH  7.4  containing  2.0  M  NaCl,  and  0.2  mM 
phenylmethylsulphonyl  fluoride  (PMSF)  and  1%  (w/v)  CHAPS.  The  suspended  tissue 
was  homogenised  by  cavitation  for  3x  30  seconds  at  setting  7  using  an  IKA-T20 
homogeniser  (IKA  Labortechnik,  Staufen,  Germany)  with  a  20N  head.  The  homogenate 
was  sorlIcated  at  30  gA,  for  2xI  minute  (Kontes  KT50  Microultrasonic  cell  disrupter, 
Burkard  Scientific,  Uxbridge,  U-K).  Following  centrifugation  (2,500  g,  10  min,  I  OOC, 
Ole  Dich  Model  154,  Camlab,  Cambridge,  CB4  ITK  UK),  the  pellet  was  discarded  and 
the  supernatant  removed.  This  supernatant  was  centrifuged  again  (7,000  g,  2  min,  4'Q 
and  the  supernatant  from  this  spin  was  used  for  subsequent  determination  of  rates  of 
protein  and  DNA  synthesis  and  for  analysis  of  DNA  content. 
2.7  DETERMINING  RATES  OF  PROTEIN  AND  DNA  SYNTHESIS 
Protein  synthesis  and  DNA  synthesis  were  measured  by  trichloroacetic  acid 
(TCA;  10%  w/v)  precipitation  of  the  radiolabelled  proteln  in  the  tissue  homogenates. 
Supematant  was  aliquoted  into  2x  400  [d  samples.  An  equal  volume  of  ice-cold  20% 
TCA  was  added  to  each  sample  and  left  on  ice  to  precipitate  for  30  minutes.  Samples 
were  then  centrifuged  (10,000  g,  2  min,  4'C)  and  the  supernatant  was  discarded.  The 
pellet  was  resolubilized  in  400  gl  of  1.5  M  Tris  buffer  pH  8.8  at  room  temperature  for 
30  minutes.  Samples  were  centrifuged  again  and  reprecipitated  with  TCA  (20%  w/v) 
as  before.  The  final  precipitates  were  redissolved  in  90%  formic  acid  (200  gl)  and 
42 transferred  to  scintillation  vials  with  10  ml  Hionic  Fluor.  The  precipitation  tube  was 
washed  out  with  800  ýfl  dH20,  washings  were  added  to  the  scintillation  vials.  Vials 
were  then  counted  for  4  minutes  in  a  scintillation  counter  (Canberra  Packard, 
Pangbourne,  UK)  using  standard  parameters  for  determining  3H  and  35  S  activities.  TCA 
10%  (w/v)  has  been  shown  to  be  efficient  in  removing  protein  from  plasma  samples. 
The  percentage  of  plasma  proteins  precipitated  is  >98%  (Blanchard,  1981) 
2.8  DETERMINATION  OF  DNA  CONTENT 
The  DNA  content  of  the  tissue  was  measured  by  a  fluorometric  procedure  with 
concentrations  determined  from  a  standard  curve  (Labarca  and  Paigen,  1980).  The 
DNA  standard  (calf  thymus)  was  prepared  in  dH20  at  I  mg/ml  and  stored  at  4'C. 
Before  use  this  stock  was  diluted  to  20  gg/mI  with  assay  buffer  (0.1  M  NaH2P04,2  M 
NaCl;  pH  7.4,  filtered  through  0.2  [im  membrane).  Fluorescent  reagent  was  prepared 
by  dissolving  bisbenzimide  (Fluka,  Glossop,  Derbyshire,  UK)  in  dH20  at  I  mg/ml  and 
this  was  diluted  to  3  [tg/ml  with  assay  buffer  before  use.  20  gl  aliquots  of  sample  were 
used  for  assay  and  DNA  standard  was  used  in  the  range  of  0-8  pg.  All  assay  volumes 
were  made  up  to  I  ml  with  assay  buffer  and  all  were  taken  in  duplicate.  0.5  ml  of 
fluorescent  reagent  was  added  and  mixed.  After  15-20  minutes  at  room  temperature, 
fluorescence  in  the  samples  was  measured  on  an  Hoefer  TKO  100  fluorometer  (Hoefer 
Scientific,  San  Fransisco,  USA). 
emission  wavelength  was  460  nm. 
2.9  HISTOLOGY 
2.9.1  Paraffin  embedding 
The  excitation  wavelength  was  365  nm  and  the 
Tissue  was  fixed  for  a  minimum  of  two  hours  in  freshly  prepared  Methacam 
43 fixative  (100%  Methanol,  30%  Inhibisol,  10%  glacial  acetic  acid).  The  tissue  was 
dehydrated  in  a  graded  series  of  ethanol  (70,90,100%,  for  30  mins  each)  and  cleared 
using  histoclear  (National  Diagnostics,  Atlanta,  USA). 
Fibrowax  (RA  Lamb,  London,  UK)  was  melted  in  a  wax  bath  and  kept  molten 
at  approximately  60T.  The  fissue  was  placed  through  four  changes  of  wax  of  one  hour 
each.  Samples  were  placed  in  wax  moulds,  covered  with  molten  wax  and  allowed  to 
solidify.  The  tissue  was  pressed  out  of  the  moulds,  trimmed  and  mounted  onto 
embedding  stubs  (Agar  Scientific  Ltd.,  Stansted,  UK). 
Sections  (10  gm)  were  cut  using  glass  cutting  blades  (histology  grade,  Agar 
Scientific)  on  a  Reichert-Jung  2040  microtome  (Cambridge  Instruments  GmbH,, 
Nussloch,,  Germany)  and  air  dried  onto  gelatin  subbed  slides. 
2.9.2  Gelatin  coating  microscope  slides 
Microscope  slides  were  coated  with  gelatin  to  minimise  the  loss  of  paraffin 
sections  during  staining  procedures.  Slides  were  cleaned  overnight  in  acid  solution 
(10%  w/v  potassium  chromate,  10%  concentrated  sulphuric  acid  v/v)  and  washed 
thoroughly  in  running  tap  water  for  1-2  hours  and  rinsed  in  dH20-  Slides  were  dipped 
slowly  into  coating  solution  (0.5%  gelatin  in  dH20,  heated  to  80-900C,  add  0.05% 
chrome  alum,  mix)  and  allowed  to  drain  overnight  at  room  temperature. 
2.9.3  Haematoxylin  and  eosin  staining 
Sections  were  cleared  using  histoclear  for  five  minutes.  They  were  rehydrated 
through  ethanol  (100,90ý,  70%  for  5  mins  each)  and  immersed  in  dH20  for  5  minutes. 
Sections  were  stained  with  Weigerts'  Haematoxylin  for  10  minutes  and  rinsed 
in  tap  water  for  2  minutes.  Sections  were  counter-stained  with  eosin  for  five  minutes 
44 (0.1%  eosin  Y  in  dH20)  and  rinsed  in  dH20  for  2  minutes. 
Sections  were  mounted  in  DPX  and  allowed  to  air-dry  overnight.  Sections  were 
examined  using  a  Nikon  Optiphot  microscope,  and  photographed  on  Ilford  FP4-plus 
film. 
2.9.4  Cryosectioning 
Unfixed  tissue  samples  were  also  prepared  for  cryosectioning.  Claw  tissue 
samples  were  placed  in  OCT  and  frozen  in  liquid  nitrogen.  Five  microns  sections  were 
cut  using  a  Leica  CM  1800  Cryostat.  Sections  were  mounted  on  silanized  slides  (slides 
coated  with  3-aminopropyltrieth-oxysilane,  Sigrna  Chemical  Co.  ),  air  dried  and  stored 
at  -200C. 
2.9.5  Immunofluorescent  staining 
Cryosections  were  thawed  at  room  temperature  and  blocked  with  normal  serum 
diluted  1:  3  in  PBS  pH  7.6,0.1%  Tween  20  (PBST)  for  30  mins  at  room  temperature  in 
a  humid  chamber.  The  serum  used  varied  depending  on  the  primary  antibody  species 
being  used  (Table  2.1).  The  sections  were  treated  with  primary  antibody  diluted  in 
PBST  for  90  mins  at  room  temperature  in  a  humid  chamber.  Sections  were 
subsequently  washed  in  PBST  for  3x5  mins  and  then  incubated  in  FITC  labelled 
antibody  diluted  in  PBST  for  90  mins,  then  washed  as  above  and  maintained  in 
Vectashield  Mounting  Media  containing  DAPI  (Vector  Laboratories  Ltd., 
Peterborough). 
Sections  were  examined  using  a  Leica  DMR  microscope  with  epifluorescence 
optics  viewed  with  a  No  13  (UV)  and  A  filter.  Images  were  photographed  onto 
Fujichrome  Provia  400  ASA  film. 
45 2.9.6  Periodic  Acid  Schiff  staining 
Cryosections,  on  silanized  slides  were  stamed  with  periodic  acid  schiff  using  the 
method  described  in  Sigma  PAS  kit  (Sigma  395-B),  sections  were  counter-stained  with 
Gills  haernatoxylin  (also  supplied  in  the  Sigma  PAS  kit).  After  staining,  the  sections 
were  dehydrated  in  an  alcohol  series,  cleared  in  histoclear  and  mounted  in  histomount 
(Agar  Scientific).  Sections  were  viewed  in  the  Leica  DUR  microscope  on  bright  field 
optics  and  photographed  onto  Fujichrome  64T  film. 
2.10  FOOT  EXAMINATIONS 
2.10.1  Claw  examination 
Cows  were  restrained  standing  in  a  standard  hoof  trimming  crush  and  all  four 
feet  of  all  the  cows  were  examined  as  described  previously  (Logue  et  al.,  1994).  The 
feet  were  cleaned  thoroughly  with  sawdust  and  approximately  I  mm  of  horn  was  pared 
ftom  the  distal  surface  of  each  claw  to  give  a  clean  surface  on  which  any  lesions  would 
be  visible.  Any  lesions  of  the  sole  (area  lesions)  or  white  line  (linear  lesions)  were 
outlined  using  marker  pen  and  the  site,  type  and  severity  of  these  lesions  were  recorded 
on  a  template  diagram  of  the  hoof  (Sixth  International  Symposium  on  Disorders  of  the 
Ruminant  Digit,  Liverpool,  1990)(Figure  2.1). 
The  most  important  lesion  types  were  haemorrhage  of  the  sole  and  white  line 
and  ulceration  of  the  sole.  The  lesions  were  given  a  subjective  severity  score  between 
I  and  5  (the  maximum  seventy  score  was  5).  Haemorrhage  was  scored  according  to  the 
intensity  of  colour  of  the  lesion  (I  was  diffuse  red  or  yellow  in  hom  and  5  was  red  raw). 
Ulceration  of  the  sole  was  scored  on  the  degree  of  exposure  of  the  corium  and  whether 
infection  was  present.  Other  forms  of  lameness  were  also  recorded  (heel  erosion, 
interdigital  den-natitis,  etc.  )  but  in  this  study  only  lesions  involving  claw  hom  on  the 
46 sole  or  white  line,  were  used  to  give  a  lesion  score.  Scoring  was  always  recorded  by  the 
same  observer  to  avoid  between  observer  variation. 
2.10.2  Photography  and  image  analysis 
Image  analysis  of  distal  view  photographs  was  carried  out  in  order  to  determine 
the  size  of  lesions  (Leach  et  al.,  1997).  In  order  to  provide  a  scale,  two  paper  circles  of 
12  mm  diameter  were  stuck  onto  the  distal  surface  of  each  claw,  one  near  the  toe  and 
the  other  near  the  heel.  A  black  painted  board  was  held  behind  the  foot  to  give  a 
contrasting  background  and  a  colour  photograph  was  taken  perpendicular  to  the  distal 
surface. 
Using  a  flatbed  scanner,  the  photographs  were  converted  to  monochrome 
digitized  images  with  256  grey  levels  and  displayed  on  a  computer  screen.  Image 
analysis  (OPUMAS  Bioscan,  Data  Cell  Ltd,  Reading,  RG7  3TF,  UK)  was  used  to  trace 
the  outline  of  claws  and  lesions.  Using  the  paper  circles  for  calibration,  the  area  of  the 
claw,  lesions  of  the  sole,  perimeter  of  the  claw  and  length  of  the  white  line  lesions  were 
measured.  Lesions  of  the  sole  were  considered  to  be  two-dimensional  areas  and  those 
of  the  white  line  as  one-dimensional  lines.  Image  analysis  was  performed  on  all 
occasions  by  the  staff  of  SAC  Veterinary  Services,  Auchincr-ulVe,  Ayr. 
2.10.3  Calculation  of  lesion  scores 
Lesions  of  the  sole  region  and  lesions  of  the  white  line  were  calculated 
separately.  In  order  to  reflect  the  greater  clinical  significance  of  more  severe  lesions,, 
arithmetic  severity  scores  were  converted  to  a  geometric  series  g=2('-'ý  so  that  1,2,3,4,5 
became  1,,  2,,  4,,  8,.  16.  This  weighting  system  was  the  same  as  that  employed  by 
Greenough  and  Vermunt  (1991).  The  areas  of  individual  sole  lesions  and  the  lengths 
47 of  white  line  lesions  were  expressed  as  percentages  of  claw  area  and  white  line  length 
respectively.  A  lesion  score  which  combined  the  effects  of  both  seventy  and  size  was 
then  calculated  by  multiplying  the  geometrically  adjusted  lesion  score  and  the 
proportion  of  claw  affected.  An  overall  score  for  each  cow  was  calculated  by  using  the 
mean  of  lesions  in  each  area  of  the  claw,  then  a  mean  for  each  claw  and  then  each  cow. 
2.10.4  Claw  measurements 
Claw  hardness  was  measured  using  a  Shore  Type  A  durometer  (Shore 
Instrument  and  Manufacturing  Co.,  Freeport,  NY,  USA)  on  the  lateral  claw  of  the  right 
hind  foot.  Hardness  was  taken  as  the  mean  of  three  readings  at  each  of  five  different 
sites  on  the  claw;  the  bulb,  the  inner  aspect  of  the  sole,  the  outer  aspect  of  the  sole,  the 
toe  and  the  wall. 
Angle  of  the  dorsal  wall  was  measured  on  both  the  lateral  and  the  medial  claws 
of  the  right  hind  foot  using  a  commercial  protractor  (Sears  Craftsman,  Sears  Roebuck,, 
Chicago,  EL,  USA)  which  had  been  modified  by  gluing  a  small  wooden  block  onto  the 
bottom.  The  angle  was  measured  as  the  deviation  of  the  dorsal  claw  wall  from  the 
horizontal  axis  (Wells  et  aL,  1993),  the  protractor  being  placed  just  below  the  penople 
line,  with  respect  to  the  horizontal.  Angles  were  recorded  in  degrees. 
Claw  length  was  recorded  using  a  conventional  divider  and  the  lengths  of  the 
lateral  and  medial  claws  of  the  right  hind  foot  were  measured  as  the  length  of  the  dorsal 
claw  wall  from  the  coronary  band  to  the  lower  edge  of  the  abaxial  wall,  that  is  the  toe. 
Length  was  recorded  in  mm. 
Growth  and  wear  of  the  dorsal  claw  wall were  also  measured  on  the  lateral  claw 
of  the  right  hind  foot  and  were  measured  by  using  a  soldering  iron  (Wheeler  D-500,  the 
Cooper  Group,  Apex,  NC,  USA)  to  bum  a  mark  onto  the  horn  of  the  claw  wall.  At  each 
48 claw  examination,  a  mark  was  made  at  the  perlople  and  the  distance  the  mark  had 
moved  down  the  claw  at  the  next  examination  was  recorded  as  growth.  Wear  was 
calculated  by  subtracting  the  distance  from  the  mark  to  the  toe  from  the  total  length  of 
the  claw  wall.  Growth  and  wear  were  then  calculated  in  terms  of  monthly  displacement 
and  expressed  in  mm/month.  There  was  no  growth  or  wear  measurement  from  the  first 
claw  examination,,  since  this  was  when  the  first  mark  was  recorded  on  the  claw.  The 
method  used  to  measure  growth  and  wear  is  shown  in  Figure  2.2. 
2.11  ASSESSMENT  OF  LOCOMOTION 
Locomotion  score  is  a  subjective  assessment  of  individual  cow  mobility 
(Manson  and  Leaver,  1988a).  Animals  were  scored  after  each  claw  examination,  when 
they  were  walking  on  a  solid  concrete  surface.  A  severity  score  was  given  between  I 
and  5  (1  was  no  unevenness  of  gait  and  no  tenderness,  5  was  extreme  difficulty  in  rising 
and  walking).  Locomotion  was  always  scored  by  the  same  observer. 
2.12  APPLICATION  OF  CLAW  BLOCKS 
Claw  blocks  are  commercially  available  and  are  used  in  the  treatment  of 
individual  lame  cows.  They  are  available  in  two  forins;  (i)  hardwood  blocks  which  are 
about  2.5  cm  thick  and  cut  to  the  shape  of  a  claw  and  (ii)  rubberised  shoes  which  are 
also  called  Cowslips  and  which  are  manufactured  in  two  shapes  for  right  and  left  claws. 
ips  were  used  in  the  expe  iments  described  in  this  thesis,  because  they  Cowsh  n 
were  found  to  be  quickest  and  easiest  to  apply  in  clinical  trials  (Pyrnan,  1997).  They 
will  be  referred  to  as  'claw  blocks'  in  this  thesis.  Claw  blocks  are  glued  onto  the 
healthy  claw  of  a  foot  and,  therefore,  elevate  and  reduce  weight-bearing  of  the  affected 
claw.  This  relieves  pain  for  the  cow  and  accelerates  healing  of  the  damaged  claw. 
49 Animals  were  restrained  standing  in  a  standard  crush.  The  foot  to  be  blocked 
was  lifted  as  high  as  possible  and  firmly  secured  with  a  -rope  tied  around  the  fetlock  to 
prevent  the  cow  from  kicking.  The  claw  was  cleaned  using  warm  water  and  Hibiscrub 
and  a  hoof  knife  was  used  to  pare  off  any  dirt  from  the  sole  or  the  wall.  Acetone  was 
poured  over  the  claw  and  allowed  to  dry.  The  blocks  were  attached  according  to  the 
manufacturers  instructions.  Briefly;  a  combination  of  methyl-methacrylate  powder  (34 
g)  and  the  supplied  hardener  (17  ml)  was  mixed  to  a  putty-like  consistency.  The  glue 
was  mixed  in  the  shoe  itself  and  once  sticky,  the  shoe  was  pressed  firmly  onto  the 
unaffected  claw.  Extra  glue  was  applied  around  the  edges  of  the  block  and  moulded 
into  place  using  a  wetted  hand  with  rubber  gloves,  Any  excess  glue  was  removed  from 
between  the  claws  to  prevent  damage  and  infection.  Firm  pressure  was  applied  to 
ensure  the  shoe  was  firnily  fixed  to  the  sole.  The  foot  was  restrained  for  about  10 
minutes  following  application  to  ensure  the  glue  had  dried.  The  glue  got  very  hot 
before  setting,  however,  this  did  not  appear  to  disturb  the  cows.  On  very  cold  days,  the 
-1  --  -. 
caying  process  was  accelerated  using  a  hairdryer. 
The  manufacturers  suggest  that  the  blocks  stay  on  for  about  3-4  weeks  after 
which  they  will  be  shed  spontaneously.  However,  they  have  been  seen  to  remain  in 
place  for  several  months. 
When  claw  blocks  were  applied  as  part  of  the  experimental  treatment,  cows 
were  checked  twice  daily  during  milking  to  ensure  their  blocks  were  still  in  place.  If 
the  blocks  had  come  off,  they  were  re-applied  as  soon  as  possible.  At  the  end  of 
experimental  treatment,  the  blocks  were  removed  by  splitting  the  sole  of  the  block  using 
a  hacksaw  and  prising  the  halves  apart. 
50 2.13  STATISTICAL  METHODS 
All  statistical  calculations  were  performed  using  NfinitabTm  (Release  7.2, 
Minitab  Inc.,  Pennsylvania,  USA)  with  the  exception  of  analysis  of  variance  which  was 
performed  using  Genstat  5T"4  (Release  2.2,  Lawes  Agricultural  Trust,  Rothamsted 
Experimental  Station,  Herts.,  UK).  A  statistician  was  consulted  regarding  analysis  of 
results  for  chapters  four,  five  and  six. 
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Figurc  2.1  Diagram  of  claw  used  during  claw  examinations.  Diagram  shows  the 
zones  of  the  distal  surface  of  the  claw  established  at  the  Sixth  International 
Symposium  on  Disorders  of  the  Ruminant  Digit,  Ll  II  1990,  in  order  to  unify 
description  and  recording  of  the  position  of  lesions.  (1)  White  line  at  toe.  (2) 
Abaxial  white  line.  (3)  Abaxial  wall-bulb  junction.  (4)  Sole-bulb  junction.  (5) 
Apex  of  sole  (true  sole).  (6)  Bulb. I  'I(tt 
First  examination 
3 
Second  examination 
Figure  2.2  Diagram  of  the  measurements  made  on  the  claw  to  estimate  monthly 
rates  of  growth  and  wear  of  the  wall.  A  soldering  iron  was  used  to  burn  a  inark  (*) 
on  the  claw  wall  as  the  reference  point.  Marks  were  made  on  the  periople  line  on  the 
dorsal  claw  wall.  A  conventional  divider  was  used  to  measure  distances. 
Growth  z=-  B.  Wear  =A-  (C  -  B). Primary  antibody  Normal  sera  type  Antibody  dilution  FITC  antibody  type 
and  dilution 
Keratin(Guinea  pig  Rabbit  1:  50  Guinea  pig  IgG 
anti  fetal  bovine  1:  1000 
hoof  IgG) 
CK  I  O(Mouse  anti  Sheep  1:  100  Mouse  IgG 
humanIgG)  1:  1000 
CK5/6(Mouse  anti  Sheep  1:  250  of  50gg/ml  Mouse  IgG 
humanIgG)  stock  solution  1:  1000 
CK16(Mouse  anti  Sheep  1:  20  Mouse  IgG 
human  IgG)  LIOOO 
Integrin  04(Mouse  Sheep  1:  100  Mouse  IgG 
anti  human  IgG)  1:  1000 
Laminin(Rabbit  Donkey  1:  30  Rabbit  IgG 
anti  human  IgG)  1:  500 
Table  2.1  Antibodies  used  in  immunofluorescent  detection  and  their  dilutions.  The 
normal  serum  used  to  block  cryosections  vaned  depending  on  the  primary  antibody 
species.  Sera  were  obtained  from  the  Scottish  Antibody  Production  Unit,  Carluke, 
UK.  FolloWing  blocking  with  normal  serum,  cryosections,  were  treated  with  primary 
antibody  and  subsequently  FITC  labelled  antibody  as  described  in  text. 
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DEVELOPMENT  OF  THE  CLA  WBIOPSY  TECHNIQUE 
3.1  INTRODUCTION 
Studies  using  claws  obtained  post-mortem  from  an  abattoir  have  given 
significant  information  on  cell  function  in  relation  to  the  state  of  the  claw  at  the  time 
and  on  the  endocrine  control  of  cell  activity  in  vitro  (Hendry  et  aL,  1999),  however,  this 
approach  is  limited  in  that  it  cannot  be  used  to  study  the  pathogenesis  of  lameness  over 
a  period  of  time.  The  recent  advent  of  a  procedure  for  claw  tissue  biopsy  has  made  it 
possible  to  obtain  non-tem-tinal  claw  tissue  and  this  allows  serial  sampling  of  indiVidual 
animals  in  longitudinal  studies  (Singh  et  aL,  1993a).  The  combination  of  this  claw 
biopsy  technique  with  tissue  culture  (Hendry  et  aL  , 
199  5)  now  offers  us  the  opportunity 
to  study  the  influence  of  many  different factors,  such  as  pregnancy  and  lactation,,  on 
claw  tissue  biochemistry.  This  chapter  describes  a  series  of  preliminary  experiments,, 
which  were  carried  out  to  determine  the  best  techniques  for  obtaining  and  culturing 
claw  tissue  biopsies. 
3.2  MATERIALS  AND  METHODS 
3.2.1  Experiment  one:  obtaining  claw  tissue  post-mortem  using  a  biopsy  punch 
A  clinically  normal  foot  was  obtained  from  the  abattoir.  Tissue  was  taken  using 
a  biopsy  punch  from  six  different  places  on  the  claw  in  order  to  determine  the  best  site 
for  sampling  (Figure  3.1).  The  tissue  was  obtained  using  a  10  mm  drill  bit  and  a3  mm 
sterile  disposable  biopsy  punch  (Chapter  2).  The  wall  of  the  claw  was  sampled  in  four 
different  places;  (1)  toe,  (2)  coronary  band  Ounction  of  hairy  skin  and  hom),  (3)  middle- 
aspect  of  the  abaxial  wall,  (4)  heel.  The  sole  of  the  claw  was  sampled  in  two  places; 
55 (5) heel,  and  (6)  middle-aspect  of  the  sole.  We  attempted  to  obtain  five  tissue  cores 
from  each  site  for  histology  only.  Tissue  obtained  was  placed  in  Methacarn  fixative 
(Chapter  2)  for  later  sectioning  and  staining  with  haernatoxylin  and  eosin. 
3.2.2  Experiment  two:  comparison  in  culture  of  post-mortem  explanted  claw  tissue 
and  claw  tissue  obtained  post-mortem  using  a  biopsy  punch 
A  series  of  four  experiments  to  compare  the  culture  of  post-mortem  explanted 
claw  tissue  and  post-mortem  claw  tissue  obtained  using  a  biopsy  punch  were  performed. 
Each  experiment  used  tissue  from  one  animal  only.  Clinically  normal  tissue  was 
obtained  post-mortem  from  the  local  abattoir.  The  feet  were  obtained  from  unknown 
animals,  which  were  part  of  normal  abattoir  processing  work,  therefore,  their  history 
was  not  known.  Feet  were  collected  as  soon  as  possible  after  slaughter  and  transported 
to  the  laboratory.  Claw  tissue  explants  were  dissected  from  blocks  (Chapter  2,  Section 
2.2).  Twenty  explants  were  obtained  from  each  animal  (each  weighing  approx.  20-40 
mg).  Twenty  post-mortem  tissue  cores  removed  using  a  biopsy  punch  were  obtained 
from  the  other  claw  of  the  same  foot,  from  4  drilled  holes  on  the  abaxial  wall  (each 
weighing  approx.  10-30  mg). 
Tissue  was  cultured  as  described  in  Chapter  2.  Briefly,  each  3.5  cm  diameter 
well  of  a  six-well  plate  contained  approximately  100-150  mg  of  tissue  and  2  in]  of 
culture  mediurn.  Explanted  tissue  and  tissue  cores  obtained  by  biopsy  punch  were 
cultured  in  different  wells  on  the  same  plate.  Tissue  was  cultured  for  3  hours  at  37C,, 
in  an  atmosphere  of  air/C02-,  (95:  5,  v/v)  in  the  presence  of  20[LCi/ml  L-[35S]-methionine 
for  measurement  of  protein  synthesis  and  5  gCl/ml  [3  H]-thymidme  for  measurement  of 
cell  proliferation. 
56 3.2.3  Experiment  three:  preliminary  in  vivo  claw  biopsies 
As  described,  the  claw  biopsy  technique  was  initially  standardised  on  bovine 
feet  obtained  post-mortem.  The  technique  was  then  performed  on  two  Holstem-Friesian 
cows,  with  clinically  normal  claws,  in  order  to  determine  the  best  method  for  obtaining 
tissue  in  vivo.  The  method  is  basically  as  described  in  Chapter  2,  but  is  described  here 
briefly  along  with  any  changes.  The  two  cows  were  sampled  at  different  times.  The 
animals  were  restrained  in  a  tipping  crush  and  given  an  injection  of  sedative  (I  ml 
Rompun,  Bayer,  Bury  St  Edmunds,  IP32  7AIA,  UK).  The  claw  to  be  sampled  (right  hind 
outer)  was  cleaned  thoroughly  using  a  scrubbing  brush  and  Hibiscrub  (Zeneca, 
Macclesfield,  Cheshire,,  UK).  Local  anaesthesia  of  the  foot  was  achieved  by  Injecting 
15  ml  of  Lignavet  (C-Vet,  Bury  St  Edmunds,  IP33  3SU,  UK)  into  the  dorsal  metatarsal 
vein  of  the  leg  with  application  of  a  tourniquet  to  achieve  counter-current  perfusion  of 
the  foot  (Plate  3.  IA).  A  hole  was  carefully  made  in  the  abaxial.  wall  using  a  hand  drill 
with  a  10  mm  drill  bit  (Plate  3.  IB).  Different  biopsy  punches  were  used  for  the  two 
cows  in  order  to  determine  which  was  best  for  obtaining  as  much  tissue  as  possible  for 
culture.  The  first  animal  was  sampled  using  a  3mm  sterile  disposable  biopsy  punch 
(Stiefel  Laboratories,  Woodburn  Green,  UK)(Plate  3.  IC).  The  second  animal  was 
sampled  using  a6  mm.  steel  biopsy  punch  made  specifically  for  this  purpose  by  the  HRI 
workshop  and  stertlised  in  Hibitane  (Zeneca,  Macclesfield,  Cheshire,  UK).  Tissue 
obtained  was  fixed  in  Methacam  fixative  for  later  sectioning  and  staining.  The  drilled 
holes  were  cleaned  using  sterile  swabs  and  dusted  with  antibiotic  woundcare  powder 
(Acramide:  Dales  Phannaceuticals  Ltd.,  Skipton,  Yorkshire)  and  filled  with  Technovit 
(Heraeus  Kulzer  GmbH,  Philipp-Reis-Stratze  8/13,  D-61273,  Wehrheim/Ts)(Plate 
3.1D).  An  injection  of  15  ml  Duphacillin  (Solvay-Duphar,  Southampton,  S03  4QH, 
UK)  was  given  and  15  ml  adrenalin  was  also  administered. 
57 3.3  RESULTS 
3.3.1  Experiment  one:  obtaining  claw  tissue  post-mortem  using  a  biopsy  punch 
The  six  different  sites  on  the  claw  varied  considerably  in  their  suitability  for 
obtaining  viable  tissue  for  culture.  Two  biopsy  punch  cores  were  obtained  from  the  toe 
but  consisted  mostly  of  hom.  Two  biopsy  punch  cores  were  removed  from  the  coronary 
band  and  five  were  obtained  from  the  abaxial  wall.  No  tissue  was  obtained  from  the 
heel  or  from  either  site  on  the  sole. 
The  horn,  epidermal  and  dermal  layers  of  the  claw  were  visible  in  biopsy  punch 
cores  from  the  abaxial  wall.  When  the  tissue  was  sectioned  and  stained  with 
haernatoxylin  and  eosin,  the  innermost  layer  of  the  laminar  region  was  present  and  the 
dark-stained  nuclei  of  the  germinal  layer  were  visible  (Plate  3.2).  Biopsy  punch  cores 
obtained  from  the  other  areas  of  the  claw  did  not  section  well  because  they  consisted 
mostly  of  hom. 
3.3.2  Experiment  two:  comparison  in  culture  of  post-mortem  explanted  claw  tissue 
and  claw  tissue  obtained  post-mortem  using  a  biopsy  punch 
There  was  no  significant  difference  between  biopsy  punch  cores  and  explants 
in  either  cell  proliferation  (Figure  3.2;  128.30  ±  55.50  vs  96.60  ±  26.60  dpm/[tgDNA/h; 
p=0.48,  paired  t  test)  or  protein  synthesis  (Figure  3.3;  43.40  ±  18.30  vs  39.01  ±  7.55 
dpm/pgDNA/h;  p=0.87,  paired  t  test). 
3.3.3  Experiment  three:  preliminary  in  vivo  claw  biopsies 
The  first  animal  was  sampled  using  a3  mm  disposable  biopsy  punch  and  5  mg 
of  tissue  was  obtained,  whereas,  only  3  rng  of  tissue  of  was  obtained  ftom  the  second 
animal  using  the  6  mm  steel  punch.  Problems  were  experienced  with  both  types  of 
58 punches,  as  described  in  the  discussion.  Tissue  sections  from  the  first  animal  contained 
horn,  epidermal  and  den-nal  tissue.  The  laminae  were  clearly  visible.  Tissue  from  the 
second  animal  proved  extremely  difficult  to  section,  because  the  tissue  consisted  almost 
entirely  of  hom.  No  viable  sections  were  obtained. 
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Plate  3.1  Claw  biopsy  technique.  A  Injecting  local  anaesthetic.  B  Drilling  hole  in 
the  abaxial  wall. C 
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Plate  3.1  C  Claw  biopsy  being  taken  using  a3  mm  biopsy  punch.  D  Biopsy  hole 
being  plugged  with  technovit. . -low  i 
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Plate  3.2  Claw  biopsy  tissue  stained  with  haematoxylin  and  eosin  (x  10)  and 
showing  epidermal  and  dermal  laminae  and  darkly-stained  nuclei  of  cells  in  the 
gen-ninal  layer.  Bar  represents  100  gm. 5 
Figure  3.1  Tissue  was  taken  from  a  post-mortem  claw,  using  a  biopsy  punch,  from 
six  different  places  in  order  to  deten-nine  the  best  site  for  sampling.  The  wall  was 
sampled  in  four  places;  (1)  toe,  (2)  coronary  band,  (3)  abaxial  wall  and  (4)  heel. 
The  sole  was  sampled  in  two  places;  (5)  heel  and  (6)  middle-aspect  of  the  sole. 200 
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Figure  3.2  Cell  proliferation  (measured  as  3  H-thymidine  incorporation)  in  explanted 
claw  tissue  and  claw  tissue  obtained  using  a  biopsy  punch  post-mortem.  Values  are 
means  ±  s.  e.;  n=  14  explant  and  n=  12  biopsy. 
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Figure  3.3  Protein  synthesis  (measured  as  35  S-methionine  incorporation)  in 
explanted  claw  tissue  and  claw  tissue  obtained  using  a  biopsy  punch  post-mortem. 
Values  are  means  ±  s.  e.;  n=14  explant  and  n=1  I  biopsy. 
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explant  biopsy 3.4  DtSCUSSION 
Different  sites  on  the  claw  varied  in  their  suitability  for  biopsy.  The  most 
successful  biopsies  were  obtained  from  the  abaxial  wall.  At  this  site  the  biopsy  punch 
could  be  inserted  up  to  its  full  length,  alloWing  a  large  core  of  tissue  to  be  easily 
removed.  Histology  confirmed  that  horn,  epidermal  and  dermal  tissues  were  all  present 
and  intact. 
The  toe  was  difficult  to  biopsy  because  there  was  only  a  very  thin  layer  of 
dermal  tissue  between  the  born  and  the  pedal  bone.  The  punch  could  not  be  fully 
inserted  and  so  the  tissue  cores  tended  to  break  off  at  the  hom  layer  on  removal.  The 
same  problem  also  occurred  at  the  coronary  band. 
At  the  heel  and  both  sites  on  the  sole,  the  tissue  was  very  soft  and  waxy  and  so 
was  very  difficult  to  drill  through.  Tt  was  also  difficult  to  distinguish  the  different  tissue 
layers  and,  therefore,  to  know  when  to  stop  drilling.  However,  Singh  et  aL  (1993a)  had 
obtained  biopsies  from  the  sole  of  the  claw  without  any  apparent  complications.  It  is 
likely  that  the  claw  sampled  in  this  study  had  suffered  lesions  in  the  past  and  the  waxy 
horn  of  the  sole  was  actually  a  result  of  this  previous  damage. 
Based  on  these  findings  the  abaxial  wall  was  selected  as  the  best  site  to  biopsy 
in  future  experiments.  Since  cows  will  be  restrained  lying  on  their  side  in  a  tipping 
crush  for  biopsy,  both  the  sole  and  the  abaxial  wall  Will  be  easy  to  access,  but  it  might 
be  anticipated  that  bleeding  will  be  easier  to  control  and  therefore  less  of  a  problem 
from  the  abaxial  site.  Another  important  consideration  is  post-operative  recovery,  and 
in  this  regard  the  abaxial  site  is  preferable  since  sole  biopsies  would  almost  inevitably 
be  subject  to  greater  stressors  and  become  more  contaminated  with  dirt  than  abaxial 
sites.  However,  taking  samples  from  the  abaxial  wall  assumes  that  the  pathology  taking 
place  in  this  region  is  related  to  lesions  which  are  observed  and  measured  on  the  sole 
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structure.  Indeed,,  the  relationship  between  laminar  disturbance  and  the  development 
of  solear  lesions  is  not  fully  understood. 
During  this  experiment,  it  also  became  clear  that  there  were  several  problems 
with  using  the  biopsy  punches.  The  disposable  punches  had  a  plastic  handle  with  a 
metal  blade  attached.  If  the  claw  tissue  was  tough,  the  blade  often  broke  off  or  was 
pushed  back  inside  the  hollow  handle.  This  was  easily  remedied  by  inserting  a  pair  of 
sterile  forceps  into  the  handle  of  the  punch  from  the  top  end,  thus  holding  the  blade  in 
place  and  reinforcing  the  punch  thereby  making  it  better  able  to  cut  through  the  tissue 
without  breaking.  Sometimes,  after  the  punch  had  been  inserted,  rotated  and  then 
removed,  the  core  did  not  come  out  in  the  punch  but  remained  firmly  attached  to  the 
underlying  tissue.  Dissecting  forceps  were  required  to  pull  the  core  out,  however,  this 
had  to  be  done  very  carefully  or  the  core  could  'break  off  at  the  hom  layer.  Leaving 
a  thin  layer  of  hom  over  the  corium  ensured  that  the  underlying  epiden-nis  and  dermis 
were  not  damaged  if  the  core  had  to  be  removed  using  forceps. 
Tissue  culture  found  no  significant  differences  between  tissue  obtained  post- 
mortem  using  a  biopsy  punch  and  explanted  tissue  in  either  cell  proliferation  or  protein 
synthesis.  The  tissue  obtained  using  a  biopsy  punch  appeared,  therefore,  to  behave  in 
the  same  way  in  culture  as  the  explanted  tissue  in  terms  of  cell  proliferation  and  protein 
synthesis  rates.  Hendry  et  aL  (1995)  confirmed  that  the  claw  tissue  explants  behaved 
in  vitro  as  in  vivo,  both  in  terms  of  the  identity  and  localisation  of  synthesised  protein 
and  the  site  of  cell  proliferation.  This  culture  technique  was,  therefore  ,  ideal  for 
examining  the  factors  which  regulate  claw  cell  biology  in  vivo. 
Bacterial  contamination  of  the  tissue  culture  was  avoided  by  the  use  of  high 
levels  of  penicillin-streptomycin  and  fungizone.  The  levels  used  were  higher  than  that 
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culture  (Gibco  NRL  catalogue,  Gibco  Ltd.,  Paisley,  UK). 
Obviously  a  larger  amount  of  tissue  would  have  more  cell  proliferation  and 
protein  synthesis  than  a  smaller  amount,  therefore,  the  results  were  corrected  for  the 
total  amount  of  DNA  present  in  the  sample  and  this  would  have  accounted  for  the  effect 
of  different  cell  numbers. 
The  claw  biopsy  technique  was  also  perfonned  successfully  in  vivo.  The  3  mm 
biopsy  punch  was  easier  to  use  than  the  6  mm  punch.  The  smaller  punch  could  be 
inserted  and  rotated  in  the  10  mm  drilled  hole  With  less  difficulty.  A  core  was  cut  using 
the  6  min  punch,  however,  it  remained  firmly  attached  to  the  underlying  tissue  and 
when  forceps  were  used  to  remove  it,  the  horn  broke  off  from  the  other  tissues.  Using 
the  3  mm  punch,  some  of  the  cores  also  remained  attached  to  the  dermis,  however, 
being  smaller  they  could  be  easily  removed  using  forceps.  I-Estology  confirmed  that  the 
tissue  obtained  was  suitable  for  culture.  It  was  decided  that  in  future  experiments  it 
would  be  best  to  aim  for  several  smaller  cores  within  the  10  mm  drilled  hole,  rather 
than  one  larger  core. 
The  amount  of  post-operative  bleeding  varied  from  trivial  in  the  first  cow  to 
considerable  in  the  second.  Bleeding  of  the  amounts  encountered  here  (total  loss  would 
have  been  of  the  order  of  tens  or  at  most  a  few  hundreds  of  ml)  is  not  in  itself  a  problem 
and  it  is  arguable  that  it  should  be  left  to  happen  in  order  to  purge  the  wound  and 
prevent  haernatoma.  This  would  necessitate  leaving  the  biopsy  hole  open,  and  it  was  felt 
that  the  chance  of  infection  would  increase  considerably  if  this  was  done.  Proper  filling 
of  the  hole  was  deemed  to  be  essential,  and  this  was  difficult  when  blood  was  present 
because  the  Technovit  wound  filler  would  not  set  properly,  Considerable  effort  was 
expended  in  staunching  the  flow  for  long  enough  to  allow  the  hole  to  be  filled,  but  it 
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vasoconstrictive  agent  would  be  useful,  so  for  subsequent  biopsies  a  sterile  solution  of 
10  4M  noradrenaline  (Arterenol:  Sigma)  was  prepared  and  applied  within  the  biopsy 
hole  to  help  control  the  bleeding  following  removal  of  the  biopsy  tissue. 
The  use  of  sedative  had  made  both  animals  extremely  reluctant  to  stand  up 
when  the  tipping  crush  was  lowered  at  the  end  of  the  procedure.  Adrenalin  was 
administered  and  the  animals  recovered,  however,,  we  decided  not  to  use  sedative  in 
later  experiments.  Post-operatively  the  animals  were  slightly  lame  for  2-3  days,  but 
then  walked  normally.  Although  not  used  with  these  two  cows,  we  later  found  that 
recovery  was  more  rapid  if  a  claw  block  was  placed  on  the  inner  claw  of  the  sampled 
foot. 
There  is  evidence  that  putting  cows  in  tilting  crushes  causes  stress  and  a 
significant  increase  in  blood  cortisol  levels.  However,  it  is  unlikely  that  stress  related 
hormones  would  have  an  effect  on  the  biopsy  samples  in  this  experiment  because  once 
the  animal  was  in  the  crush,  the  tissue  was  removed  within  15  to  20  minutes.  Future 
studies  could  investigate  this  further  by  measuring  hormone  levels  present  in  the  blood 
and  relating  this  to  the  cell  culture  results,  however,  this  was  basically  a  preliminary 
study  to  establish  if  the  tissue  obtained  was  in  fact  suitable  for  culture  in  the  first  place. 
The  claw  tissue  biopsy  technique,  therefore,  makes  possible  non-terminal  tissue 
collection,  and  allows  for  serial  sampling  of  individual  animals  in  longitudinal  studies. 
Combining  this  biopsy  technique  with  tissue  explant  culture,  it  would  now  be  possible 
to  examine  the  influence  of  various  management  and/or  physiological  factors  on  the 
claw  and,  therefore,  to  gain  further  insight  into  the  cellular  basis  of  claw  hom  disruption 
and  lameness. 
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ENHRONMENTAL  AND  NUTRITIONAL  CHALLENGES  ON  THE  BOV7NE 
CLA  W 
4.1  INTRODUCTION 
Laminitis  is a  multifactorial  disease  (Mortensen  and  Hesselholt,  1982).  The 
most  important  predisposing  factors  are  considered  to  be  changes  in  nutrition  and 
environment,,  however,  there  have  been  relatively  few  attempts  to  examine  these  in 
controlled  experiments.  Nutritionally,  the  major  risk  is  thought  to  be  a  high  intake  of 
carbohydrate  rich  concentrates,  particularly  if  they  are  rapidly  fermenting  and 
associated  with  a  low  fibre  intake  (Nilsson,  1963).  Environmentally,  the  most  harmful 
challenge  to  the  claw  is  undoubtedly  housing  and  in  particular  the  floor  surfaces  over 
which  the  cows  walk.  Concrete  surfaces  which  are  extremely  smooth  can  result  in 
slippage  or  injury  to  the  claws  and  slurry  creates  an  environment  which  softens  the  claw 
hom,.  causing  a  greater  rate  of  weaTand  an  increased  risk  of  damage  (Kempson  et  al., 
1998). 
Development  of  the  claw  biopsy  method  has  made  it  possible  to  monitor 
changes  in  the  claw  tissue  and  to  investigate  the  effects  of  management  intervention  on 
the  cell  biological  processes  of  the  claw.  This  study  was  carried  out  in  order  to 
determine  if  environmental  and  nutritional  stressors  have  an  effect  on  keratinising 
tissues  of  the  claw  and,  therefore  ,  in  the  development  of  structural  or  biochemical 
lesions  which  lead  to  lameness. 
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4.2.1  Animals 
Eighteen  mixed-parity  mid-lactation  Holstein-Friesian  cows  were  selected  for 
this  study.  The  animals  were  divided  into  three  balanced  parity  groups  of  six  cows. 
Sixteen  of  the  animals  had  no  previous  lameness  incidents  and  the  other  two  animals 
had  only  one  previous  lameness  occurrence. 
Group  one  were  a  control  group  and  no  changes  were  made  to  their  management 
throughout  the  experiment.  The  animals  were  grazed  at  pasture  and  were  given  no 
experimental  feed  supplement.  Group  two  were  subject  to  nutritional  challenge.  They 
were  maintained  on  bare  pasture  and  fed  wet  silage  (15.9%  DM)  and  a  high  protein 
supplement  (7kg/d  of  a  20%  crude  protein  concentrate).  Group  three  were  subject  to 
both  environmental  and  nutritional  challenge.  These  cows  were  housed  in  cubicles  with 
concrete  flooring  and  fed  a  diet  consisting  of  wet  silage  and  a  high  protein  concentrate 
as  for  group  two.  Treatment  lasted  for  eight  weeks  during  the  summer  of  1995. 
4.2.2  Claw  biopsies 
Claw  biopsies  were  performed  pre-treatment  and  immediately  post-treatment 
and  were  obtained  from  the  abaxial  wall  of  the  claw  as  described  previously.  The  initial 
biopsies  were  obtained  from  the  outer  claw  of  the  left  hind  foot  and  those  performed 
post-treatment  were  obtained  from  the  outer  claw  of  the  right  hind  foot.  From  each  10 
mm  drilled  hole  we  attempted  to  remove  five  biopsy  cores,  however,  the  amount  of 
tissue  obtained  was  often  much  less  due  to  problems  With  the  biopsy  punches.  Due  to 
the  large  number  of  animals  in  the  experiment,  pre-treatrnent  biopsies  were  carried  out 
over  three  days,  as  were  the  post-treatment  biopsies.  Six  animals  were  sampled  each 
day  (two  cows  from  each  of  the  three  treatment  groups).  Biopsy  samples  were  cultured 
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the  cows  were  examined  before  the  first  and  second  biopsies  were  taken. 
4.2.3  Statistical  analysis 
Paired  and  unpaired  t  tests,  analysis  of  variance  (general  linear  model)  and 
analysis  of  covariance  were  all  performed  using  Minitaý  (Release  7.2,  Minitab  Inc., 
Pennsylvania,  USA). 
4.3  RESULTS 
4.3.1  Animals 
The  cows  were  examined  for  the  first  time  on  26,27  June  1995.  All  had 
clinically  normal  claws  and  were  walking  without  any  difficulties. 
The  first  biopsies  were  carried  out  on  27,28  and  29  June.  The  quality  and 
amount  of  tissue  obtained  from  each  animal  varied  considerably  due  to  problems  With 
the  biopsy  punches  (Chapter  3).  In  two  animals  it  was  impossible  to  obtain  any  viable 
tissue  at  all.  From  the  other  sixteen  animals,  the  average  number  of  biopsy  cores 
obtained  per  cow  was  2.00  ±  0.229.  The  average  amount  of  tissue  obtained  for  culture 
from  each  animal  was  28.49  ±  3.21  mg. 
The  second  set  of  examinations  were  carried  out  on  15,16  August.  The  biopsy 
sites  were  examined  closely  and  there  were  no  signs  of  infection.  There  were  also  no 
visible  indications  of  a  larninitic  change  i.  e.;  there  was  no  redness  or  heat  at  the 
coronary  band  and  no  yellowing  or  softening  of  the  claw  horn.  It  should  be  mentioned 
here  that  due  to  problems  With  the  camera  no  photographs  were  obtained  from  this  set 
of  examinations.  It  was  not,  therefore,  possible  to  carry  out  image  analysis  and 
calculate  lesion  scores  which  took  account  of  the  size  and  severity  of  the  lesions. 
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results  analysed  as  described  below. 
The  second  biopsies  were  performed  on  15,16  and  17  August  and  were  more 
successful  than  the  first  in  terms  of  quality  and  amounts  of  tissue  obtained.  Our  ability 
to  obtain  good  quality  tissue  cores  improved  with  practice.  The  average  number  of 
biopsy  cores  obtained  from  each  animal  was  3.44  ±  0.12.  The  average  amount  of  tissue 
obtained  for  culture  from  each  animal  had  nearly  doubled  compared  to  the  first  biopsy 
and  was  49.74  ±  2.96  mg. 
4.3.2  Cell  proliferation 
Figure  4.1  shows  the  results  obtained  for  cell  proliferation.  Before  treatment, 
proliferation  was  high  in  the  control  group.  Post-treatment,  it  had  notably  increased  in 
all  three  groups  and  was  again  high  in  the  controls.  There  was,  however,  much 
variation  in  the  results  ftom  the  controls  both  pre-treatment  (12.80  to  1817.44)  and  post- 
treatment  (356.67  to  2120.92  dpm/ggDNA/h). 
The  data  were  analysed  for  the  effects  of  group  on  cell  proliferation.  Using 
unpaired  t  tests  and  analysing  the  pre-  and  post-treatment  results  separately,  there  were 
no  significant  differences  between  any  of  the  groups  before  treatment.  However,  after 
treatment  proliferation  was  significantly  lower  in  the  doubly  challenged  group 
compared  to  the  controls  (229.24  ±  58.78  vs  873.31  ±  330.20  dpm/ýigDNA/h,  p==0.032,, 
unpaired  t  test  on  log  transformed  data). 
Analysis  of  variance  (general  linear  model,  Minitab)  on  the  complete  data  set 
confirmed  that  there  was  a  significant  effect  of  group.  Proliferation  was  higher  in  the 
controls  than  in  either  of  the  challenged  groups  (Table  4.1).  The  post-treatment  data 
were  then  analYsed  again,  using  the  pre-treatment  data  as  a  covariate  to  adjust  for  pre- 
73 existing  differences  unrelated  to  the  individual  treatments  and  this  also  found  a 
significant  effect  of  group  on  cell  proliferation  (ancova). 
The  results  were  also  analysed  for  effects  of  time  on  cell  proliferation.  When 
the  groups  were  analysed  separately  using  paired  t  tests,  proliferation  was  significantly 
higher  post-treatment  compared  to  pre-treatment  in  both  the  nutritionally  challenged 
and  doubly  challenged  groups  (43.81  ±  13.63  vs  310.24  ±  93.60;  p=0.046,  paired  t  test 
on  log  transformed  data  and  85.44  ±  33.30  vs  229.24  ±  58.78  dpm/ggDNA/h;  p=0.0039, 
paired  t  test).  A  significant  effect  of  time  was  also  found  when  the  data  from  the  two 
challenged  groups  (alone)  were  analysed  using  analysis  of  variance  (general  Imear 
model).  Proliferation  was  clearly  higher  post-treatment  compared  to  pre-treatment  (also 
shown  in  Table  4.1).  With  the  control  group  data  included  in  this  analysis  the  effect  of 
time  was  much  less,  but  still  present. 
There  was  no  significant  interaction  between  group  and  time,  therefore,  changes 
in  proliferation  in  the  nutritionally  challenged  group  were  the  same  as  those  in  the 
doubly  challenged  group.  Looking  at  Figure  4.1,  the  extent  to  which  proliferation 
changes  appears  to  be  similar  in  the  two  groups. 
4.3.3  Protein  synthesis 
Figure  4.2  shows  the  results  obtained  for  protein  synthesis.  Pre-treatment, 
protein  synthesis  was  high  in  the  control  group.  In  both  challenged  groups,  synthesis 
tended  to  increase  after  treatment,  but  this  did  not  happen  in  the  controls.  Post- 
treatment,  synthesis  was  very  similar  in  all  three  groups. 
The  results  were  analysed  for  effects  of  time  on  protein  synthesis.  When  the 
groups  were  analysed  separately  using  paired  t  tests,  there  were  no  significant 
differences  between  pre-  and  post-treatment  values  in  any  of  the  groups.  However, 
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(alone)  did  find  a  significant  effect  of  time.  Protein  synthesis  was  higher  after  treatment 
compared  to  before  treatment  in  both  of  the  challenged  groups  but  not  in  the  controls 
(Table  4.2),  so  when  the  analysis  was  repeated  with  control  data  included  the  time 
effect  disappeared. 
The  data  were  also  analysed  for  effects  of  group.  Unpaired  t  tests  found  no 
significant  difference  between  any  of  the  groups  either  before  or  after  treatment, 
Analysis  of  variance  (general  linear  model)  also  found  no  effect  of  group  on  protein 
synthesis  (also  shown  in  Table  4.2). 
The  interaction  between  group  and  time  was  not  significant  and,  therefore, 
changes  in  protein  synthesis  were  the  same  in  the  two  challenged  groups. 
4.3.4  Claw  examinations 
Data  from  the  claw  examinations  are  shown  in  Table  4.3.  Changes  in  all 
parameters  were  analysed  using  paired  and  unpaired  t  tests  on  normal  and  log 
transformed  data.  The  effects  of  group  and  time  were  further  analysed  using  analysis 
of  variance. 
Area  lesion  number  tended  to  decrease  after  treatment  in  all  three  groups.  Wear 
could  not  be  analysed  for  the  effects  of  time,  as  data  were  not  available  from  the  first 
measurement,  since  this  was  when  the  first  mark  was  made  on  the  claw.  However, 
there  was  a  significant  effect  of  group  on  wear  (p=O.  0  13,  anova).  Post-treatment,  wear 
was  sigmficantly  greater  in  the  doubly  challenged  group  when  compared  to  the 
nutritionally  challenged  and  control  groups.  Time  had  a  significant  effect  on  angle  of 
the  outer  claw  (p--0.035,  anova),  which  tended  to  decrease  after  treatment  and 
significantly  so  when  average  pre-  and  post-treatment  values  were  compared.  Length 
75 of  the  outer  and  inner  claws  increased  significantly  after  treatment  in  the  nutritionally 
challenged  group.  Length  of  the  outer  claw  was  also  significantly  greater  in  the  controls 
following  treatment.  However,  there  was  no  overall  significant  effect  of  time  on  claw 
lengtb  (outer,  p=0.360  ,  inner,  p=0.585,  anova). 
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Figure  4.1  Cell  proliferation  (measured  as  3  H-thymidine  incorporation)  in  claw 
tissue  biopsies  obtained  pre-  and  post-  treatment  from  control,  nutritionally 
challenged  and  nutritionally  and  environmentally  (doubly)  challenged  cows.  Values 
are  means  ±  s.  e.;  n=5  or  6.  P<0.05  when  companng  pre-  and  post-treatment  values 
using  a  paired  t  test  on  absolute  data  (*)  or  log  transformed  data  (**) 
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Figure  4.2  Protein  synthesis  (measured  as  35  S-methionine  incorporation)  in  claw 
tissue  biopsies  obtained  pre-  and  post-treatment  from  control,  nutritionally 
challenged  and  nutritionally  and  envirorumentally  (doubly)  challenged  cows.  Values 
are  means  ±  s,  e.;  n=4(nutntional  challenge  pre-treatment),  5  or  6.  *p<0.05  when 
is  of  v  'ance  (general  li  comparing  pre-  and  post-treatment  values  using  analysi  an  inear 
model)  on  data  from  the  two  challenged  groups  alone. 
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control  nutritional  double Mean  s.  d.  P  value 
1  610.32  (n=1  1)  132.50 
Group  2  177.02  (m--l  1)  132.50  0.037 
3  157.34  (n--  11)  132.50 
Pre  158.86  (n--16)  109.80 
0.051 
Post  470.93  (n=17)  106.60 
Time 
Pre*  64.63  (n=10)  46.69 
0.004 
Post*  269.74  (n--12)  42.62 
I  Pre  347.32  (n--6)  178.70 
-7 
1  Post  873.31  (n--5)  195.80 
2  Pre  43.81  (n=5)  195.80 
Interaction  0.588 
2  Post  310.24  (n--6)  178.70 
3  Pre  85.44  (n--5)  195.80 
3  Post  229.24  (n--6)  178.70 
Table  4.1  Effect  of  (a)  group,  (b)  time  and  (c)  the  interaction  of  these  factors  (gxt) 
on  cell  proliferation  in  control  (group  1),  nutritionally  challenged  (group  2)  and 
doubly  challenged  (group  3)  cows,  Results  were  analysed  by  analysis  of  variance 
(general  linear  model).  Values  are  means  and  standard  deviations,  p<0.05  is 
significant.  *=-analysis  excluding  data  from  the  control  group.  (a)  Group  is  the  mean 
of  pre  and  post  treatment  values  for  groups  1,2  and  3.  (b)  Time  is  the  mean  of  all  3 
groups  pre  and  post  treatment  and  then  (*)  the  mean  of  the  two  treatment  groups  pre 
and  post  treatment,  excluding  controls.  (c)  Interaction  between  group  and  time. 
79 Mean  s.  d.  P  value 
1  196.60  (n=10)  54.50 
Group  2  103.10  (n--  10)  55.70  0.489 
3  138.80  (n---1  1)  52.20 
Pre  112.10  (n=14)  46.30 
0.286 
Post  180.3  0  (n=  17)  42.00 
Time 
Pre*  69.20  (n=9)  37.00 
0.049 
Post*  172.80  (n--12)  31.90 
I  Pre  197.90  (n=5)  77.10 
1  Post  195.40  (n7--5)  77.10 
2  Pre  42.20  (n=4)  86.20 
Interaction  0.715 
2  Post  164.10  (n--6)  70.40 
3  Pre  96.30  (n--5)  77.10 
3  Post  181.40  (n=6)  70.40 
Table  4.2  Effect  of  (a)  group,  (b)  time  and  (c)  the  interaction  of  these  factors  (gxt) 
on  protein  synthesis  in  control(group  1),  nutritionally  challenged(group  2)  and 
doubly  challenged(group  3)  cows.  Results  were  analysed  by  analysis  of  variance 
(general  linear  model).  Values  are  means  and  standard  deviations,  p<0.05  is 
significant.  *-analysis  excluding  data  from  the  control  group.  (a)  Group  is  the  mean 
of  pre  and  post  treatment  values  for  gToups  1,2  and  3.  (b)  Time  Is  the  mean  of  all  3 
groups  pre  and  post  treatment  and  then  (*)  the  mean  of  the  two  treatment  groups  pre 
and  post  treatment,  excluding  controls.  (c)  Interaction  between  group  and  time. 
80 Group  Pre-treatment  Post-treatment 
1  1.83  ±  0.38  1.42  ±  0.08 
Locomotion  score  2  1.75  ±  0.25  1.75  ±  0.25 
3  1.42  ±  0.08  1.50  ±  0.00 
Mean  1.67  ±  0.15  1.56  ±  0.09 
1  23.17  ±  1.42  10.67  ±  0.74 
Area  lesion  no.  2  20.83  ±  1.56  18.50  ±  1.32 
3  20.83  ±  0.64  13.33  ±  0.84 
Mean  21.61  ±  1.20  14.17  ±  0.54 
1  4.17  ±  0.72  3.33  ±  0.32 
Linear  lesion  no.  2  4.00  ±  0.80  6.17  ±  0.71 
3  4.33  ±  0.45  4.00  ±  0.33 
Mean  4.17  ±  0.54  4.50  ±  0.32 
1  5.34  ±  0.79 
Growth  2  5.31  ±  0.70 
(mm.  /month)  3  4.44  ±  0.46 
Mean  5.03  ±  0.37 
1  3.27  ±  0.84  a 
Wear  (mm/month)  2  2.19  ±  0.93  a 
3  6.62  ±  0.78  b 
Mean  4.03  ±  0.65 
1  82.45  ±  0.60  83.09  ±  0.89 
Hardness  2  82.61  ±  0.43  83.03  ±  0.60 
3  83.93  ±  0.42  83.60  ±  1.42 
Mean  83.00  ±  0.31  83.24  ±  0.56 
1  47.00  ±  2.21  45.17  ±  1.68 
Angle  outer  claw  2  49.20  ±  1.77  42.67  ±  2.50 
3  44.83  ±  1.30  41.17  ±  2.30 
Mean  47.01  ±  1.00  a  43.00  ±  1.30  b 
81 1  47.40  ±  2.36  44.17  ±  1.56 
Angle  inner  claw  2  45.25  ±  1.70  44.83  ±  1.85 
3  44.50  ±  1.12  42.83  ±  2.20 
Mean  45.67  ±  0.99  43.94  ±  1.00 
1  78.67  ±  3.48  a  81.33  ±  3.48  b 
Length  outer  claw  2  79.17  ±  1.80  a  83.33  ±  1.89  b 
(mm)  3  84.33  ±  2.06  82.83  ±  2.18 
Mean  80.72  1.50  82.50  ±  1.40 
1  77.83  2.90  78.67  ±  2.80 
Length  inner  claw  2  79.00  1.13  a  83.67  ±  1.74  b 
(mm)  3  82.83  ±  1.38  80.83  ±  2.07 
Mean  79.89  ±  1.20  81.06  ±  1.30 
Table  4.3  Claw  examination  data  for  control  (group  1),  nutritionally  challenged 
(group  2)  and  nutritionally  and  environnientally  challenged  (group  3)  cows. 
Analysis  of  pre-treatment  and  post-treatment  differences.  Values  are  means  ±  s.  e. 
Within  each  block,  adjacent  values  which  have  a  different  letter  are 
significantly  different,  p<0.05  or  greater.  Horizontal  comparisons  are  paired  t  tests 
and  vertical  comparisons  are  unpaired  t  tests. 
82 4.4  DISCUSSION 
Protein  synthesis  was  found  to  be  higher  post-treatment  in  the  two  treatment 
groups  but  not  in  the  controls.  Cell  proliferation  was  also  higher  post-treatment  in  both 
the  treatment  groups  but  also  tended  to  increase  in  the  controls  as  well.  It  is  unlikely, 
therefore,  that  the  post-treatment  increase  in  cell  proliferation  was  an  effect  of 
challenge  because  it  also  increased  in  the  controls  and  this  may  be  evidence  that  the 
biopsy  procedure  itself  can  have  an  affect  on  the  tissue.  Cell  proliferation  may  have 
increased  in  order  to  repair  or  replace  damaged  tissue.  Indeed,  the  biopsy  procedure  is 
very  invasive  and  the  second  biopsy  was  obtained  only  eight  weeks  after  the  first  which 
may  not  have  been  enough  time  for  the  tissues  to  recover. 
It  is  also  very  important  to  consider  the  large  difference  in  both  protein  synthesis 
and  cell  proliferation  between  the  controls  and  the  two  treatment  groups  pre-treatment 
and  also  the  large  standard  errors  for  the  controls.  The  difference  between  the  controls 
and  the  other  two  groups  may  have  been  related  to  the  individual  cows  in  these  groups, 
however 
,  it  was  most  likely  due  to  problems  with  the  analytical  methods.  Samples  were 
initially  analysed  in  small  batches  (n--6)  and  this  may  have  introduced  error  due  to  the 
use  of  different  buffers.  In  future  experiments  samples  were  kept  and  analysed  in  one 
large  batch  where  appropriate  and  standard  errors  were  smaller.  The  results  from  the 
control  animals  in  this  study  may  not,  therefore,  reflect  true  controls. 
Nevertheless,  the  results  for  the  control  group  for  protein  synthesis  did  not 
change  significantly  post-treatment  and  they  did  for  the  two  treatment  groups.  This  may 
be  some  evidence  that  nutritional  and  environmental  stressors,  could  have  an  effect  on 
hoof  keratinisation.  Abnormal  protein  synthesis  may  affect  keratinisation  and  could 
ultimately  result  in  the  development  of  poor  quality  horn.  Nutritional  and 
environmental  stress  on  the  biology  of  the  hoof  could  explain  the  increased  number  of 
83 cases  of  lameness  observed  after  calving  at  which  time  there  are  major  changes  in  diet 
and  usually  introduction  to  housing. 
Previous  studies  have  also  regarded  nutritional  and  environmental 
mismanagement  to  be  causative  factors  of  laminitis.  The  dietaTy  change  which  is  most 
commonly  implicated  in  laminitis  is  the  sudden  increase  in  carbohydrate  rich 
concentrates.  This  can  lead  to  a  disturbance  in  the  microbial  environment  of  the  irumen 
(Peterse  et  aL,  1986),  which  can  cause  acidosis  and  result  in  the  release  of  vaso-active 
toxins  which  are  thought  to  adversely  affect  the  microvasculature  of  the  digital  corium. 
These  toxic  substances  include  histamine,  lactic  acid  or  endotoxin  (Nilsson,  1963; 
Maclean,  1965,1966;  Peterse,  1986).  It  is  suggested  that  they  severely  disturb  the 
haemodynamics  in  the  dermis,  leading  to  tissue  hypoxia  and  nutrient  starvation, 
followed  by  ischaemic  necrosis.  A  prolonged  decrease  in  perfusion  rate  would  damage 
the  keratinocytes  and  result  in  the  production  of  poor  quality  hom. 
Protein  may  also  be  an  important  dietary  factor  to  consider  in  the  pathogenesis 
of  laminitis,  however,  its  role  is  not  fully  understood.  Feeding  protein  at  levels  in 
excess  of  18%  (crude  protein  in  the  dry  matter)  has  been  associated  with  laminitis 
(Manson  and  Leaver,  1988b;  Bargai  et  aL,  1992).  However,  in  other  studies  no  such 
relationship  could  be  established  (Greenough  et  aL,  1990). 
The  protein  synthesis  results  from  this  study  are  difficult  to  explain  and  it  would 
be  a  gross  over  simplification  to  attribute  any  changes  to  the  effects  of  altered  diet 
alone. 
Protein  synthesis  also  rose  after  treatment  in  the  doubly  challenged  group 
suggesting  that  environmental  changes  may  also  affect  keratinisation,  however,  again 
this  may  be  over  simplifying  the  results.  It  would  have  been  interesting  to  have  a  group 
which  was  environmentally  challenged  only,  however,  this  would  have  caused 
84 considerable  management  problems  in  what  to  feed  them.  Therefore,  we  cannot  tell  if 
any  effects  of  environmental  challenge  occur  irrespective  of  nutritional  challenge,  but 
previous  studies  have  found  that  environment  is  an  important  factor  to  consider  in  the 
development  of  laminitis. 
Housing  has  been  related  to  lameness  in  many  studies.  Vermunt  and  Greenough 
(I  996a)  found  that  although  solear  haemorrhages  occurred  in  the  claws  of  heifers 
managed  both  outside  and  inside  on  concrete  floors,  the  animals  inside  had  the  greatest 
number  of  lesions  overall  and  also  suffered  the  most  severe  lesions.  The  floor  surfaces 
over  which  cows  walk  when  housed  can  result  in  considerable  trauma  to  the  claw. 
Concrete  surfaces  are  sometimes  extremely  smooth  which  increases  the  risk  of  slippage 
and  injury,  although  no  injuries  were  detected  in  our  studies.  Slurry  can  soften  the  claw 
bom,  allowing  the  rate  of  wear  to  increase  and  enhancing  the  risk  of  daniage.  It  is  not 
surprising  that  in  this  study,  wear  post-treatment  was  significantly  greater  in  the  doubly 
challenged  group  which  was  housed  compared  to  the  other  two  groups  which  were 
outside  on  soft  ground. 
Several  workers  have  associated  laminitis  with  over-exercise  on  hard  surfaces 
(Colam-Ainsworth  et  aL,  1989;  Nilsson,  1963;  Dewes,  1979;  Bazeley  and  Pinsent, 
1984).  Compressive  stress  and  mechanical  injury  of  the  dermis,  sandwiched  between 
the  sole  hom  and  distal  phalanx,  may  occur  after  prolonged  periods  standing  on 
concrete  floors.  Mechanical  pressure  has  been  shown  to  result  in  prolonged  dilation  of 
arteriovenous,  anastomoses  (Grant,  1930).  It  has  been  suggested  that  this,  in  turn,  may 
lead  to  a  rise  in  local  venous  pressure,  which  spreads  to  the  capillary  bed,  thereby 
raising  capillary  pressure.  This  may  result  in  capillary  congestion  and  lead  to  oedema 
and  focal  haemorrhages  in  the  capillary  beds  of  the  affected  tissues  (Vermunt,  1992). 
Therefore,  it  seems  reasonable  to  assume  that  haemorrhages  will  eventually  occur  in 
85 those  regions  of  the  weight-beanng  surface  which  correspond  with  areas  of  the  dermis 
where  most  load  is  being  bome. 
Nutritional  challenge  and  environmental  challenge  may,  therefore,  by 
themselves  have  important  effects  on  the  biology  of  the  hoof,  however,  it  is  generally 
accepted  that  laminitis  has  a  multifactorial  aetiology  (Mortensen  and  Hesselholt,  1982). 
Logue  et  al.  (1994)  suggested  that  nutrition  is  only  likely  to  cause  a  major  influence  if 
it  is  very  unbalanced  or  if  there  are  further  confounding  factors  such  as  sudden 
introduction  to  housing. 
This  discussion  has  assumed  so  far  that  housing  and  a  sudden  change  in  diet  are 
insults  to  the  hoof  tissues,,  mainly  because  the  previous  literature  has  suggested  so. 
However,  there  is  the  possibility  that  these  factors  could  in  fact  be  beneficial  to  the 
hoof  Leach  et  al.  (1997)  found  that  lesions  can  significantly  recover  while  animals  are 
still  housed.  They  concluded  that  physiological  factors  associated  with  reproductive 
state  may  be  more  important  in  the  pathogenesis  of  lesions  than  changes  in  physical 
conditions.  In  this  study  area  lesion  number  tended  to  decrease  after  treatment  in  all 
three  groups  and  locomotion  score  did  not  change  significantly,  despite  any  effects  of 
the  biopsy  procedure.  These  findings  suggest  that  housing  and  the  change  in  diet  did 
not  actually  cause  any  increase  in  lameness  and  lesions.  However,  this  experiment  was 
conducted  over  a  relatively  short  time  period  of  eight  weeks  which,  in  retrospect,  was 
probably  not  long  enough  to  detect  any  major  changes  in  lesion  numbers,  since  lesions 
are  known  to  take  several  weeks  to  develop  after  the  initial  insult  to  the  claw  (Leach  et 
al.,  1997). 
It  has  been  held  so  far  that  because  the  treatments  are  assumed  to  be  adverse, 
that  the  apparent  increase  in  protein  synthesis  would  also  be  detrimental  to  the  claw, 
however,,  whether  protein  synthesis  is  increasing  or  decreasing  may  be  related  to  the 
86 stage  of  lameness  and  this  is  discussed  in  greater  detail  in  later  chapters. 
Angle  of  the  outer  claw  tended  to  be  lower  after  treatment  in  all  three  groups 
including  the  controls  and  this  suggests  it  was  not  an  effect  of  treatment.  It  may  have 
been  a  result  of  the  biopsy  procedure  itself,  which  could  alter  the  way  in  which  an 
animal  distributes  pressure  on  the  claw.  It  could  also  have  been  a  result  of  claw 
trimming  during  the  first  examination.  The  increase  in  length  of  the  outer  claws 
specifically  may  also  have  been  a  response  to  biopsy,  since  growth  may  have  increased 
to  compensate  for  damaged  tissue.  Length  may  have  been  longer,  however,  due  to  other 
factors  such  as  a  summer  increase  in  growth  rate  (Chapter  5).  Interestingly,  length  of 
the  outer  claw  did  not  increase  in  the  doubly  challenged  group  and  this  correlates  with 
the  higher  level  of  wear  in  this  group.  It  is  in  the  doubly  challenged  group  that  we 
expected  any  changes  to  be  most  apparent,  because  housing  has  previously  been 
associated  with  changes  in  claw  traits.  Simensen  (1977)  found  that  the  type  of  floor 
affected  claw  length  and  angle  of  the  dorsal  border  in  sheep.  Hard  floors  resulted  in 
short  and  steep  claws.  Vermunt  and  Greenough  (I  996b)  also  found  that  heifers 
maintained  inside  on  concrete  floors  had  shorter  and  steeper  claws  compared  to  heifers 
outside.  In  this  study,  however,  there  was  no  evidence  of  an  effect  of  housing  on  claw 
length  or  angle.  Again,  this  experiment  was  probably  not  over  a  long  enough  time 
period  to  detect  any  major  changes  in  claw  traits. 
To  conclude,,  the  results  of  this  study  suggest  that  either  or  both  nutritional  and 
environmental  stressors  may  cause  changes  within  the  hoof  at  a  cell  biological  level  and 
so  influence  the  production  of  hom,  however,  further  investigation  is  required  to 
confirm  this. 
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SEASONAL  AND  REPRODUCTIVE  INFLUENCES  ON  THE  BOVINE  CLA  W 
IN  FIRST  CAL  PING  HEIFERS 
5.1  INTRODUCTION 
Laminitis  is particularly  prevalent  in  winter  calving  heifers  (Eddy  and  Scott, 
1980;  Bazeley  and  Pinsent,  1984;  Rowlands  et  al.,  1985).  Previous  authors  have  usually 
attributed  this  to  a  sudden  introduction  to  housing  and  the  accompanying  change  in  diet, 
and  our  own  findings  indicate  that  these  factors  are  important  (Chapter  4).  However,, 
this  does  not  explain  other  research  in  which  a  pronounced  seasonal  incidence  of 
laminitis  was  observed  in  herds  which  were  maintained  on  pasture  all  year  round 
(Chesterton  et  al.,  1989;  Tranter  and  Morris,  199  1).  Perhaps  other  factors,  such  as  the 
physiological  and  endocrinological  changes  associated  with  calving,  are  just  as 
important  in  predisposing  heifers  to  laminitis. 
The  claw  biopsy  technique,  coupled  with  that  of  tissue  culture  has  provided  us 
with  the  opportunity  to  study  long-tertn  developmental  changes  which  occur  in  the 
claws  of  both  summer  and  winter  calving  heifers  during  pregnancy  and  lactation. 
5.2  MATERIALS  AND  METHODS 
5.2.1  Animals 
Two  groups  of  seven  Holstein-Friesian  heifers  from  the  Hannah  Research 
Institute  herd  were  used  in  this  study.  The  first  group  were  winter  calvers  and  the 
second  group  were  summer  calvers.  Biopsies  were  initially  obtained  from  the  left  hind 
outer  claw  in  both  groups  and  then  from  the  alternate  hind  outer  claw  at  following 
samplings.  The  winter  calvers,  which  calved  during  November  of  1995,  were  sampled 
88 in  July  1995  during  mid-pregnancy  (18  weeks  pre-partum),  November  1995  when 
animals  were  two  weeks  pre-partum,  and  also  in  December  1995  which  was  two  weeks 
post-partum.  These  animals  were  kept  at  grass  until  2  weeks  pre-partum  when, 
following  normal  management  practice,  they  were  moved  onto  concrete  floored 
cubicles  for  the  winter.  Whilst  housed,,  diet  was  a  silage-based  total  mixed  ration  in  the 
proportion  40  parts  grass  silage  to  7  parts  of  a  proprietary  protein  concentrate  (22% 
crude  protein),  fed  ad  libitum.  The  overall  protein  content  of  the  diet  was  approXIMately 
17%  crude  protein.  All  seven  heifers  developed  claw  disorders  during  housing, 
including  haemorrhages  of  the  white  line  and  sole  ulcers.  Six  of  the  seven  failed  to 
recover  satisfactorily  and  were  slaughtered  at  either  ten  or  fourteen  weeks  after  calving 
and  tissue  was  obtained  from  their  claws,,  using  a  biopsy  punch,,  immediately  post- 
mortem  after  collection  from  a  commercial  abattoir.  Further  details  are  given  in  the 
results  section. 
The  second  group  of  heifers  were  summer  calvers,  which  calved  during  July 
1996.  These  heifers  were  sampled  during  August  1995  (eight  weeks  before 
insemination),  November  1995  during  early  pregnancy  (3  weeks  post-conception),  April 
1996  during  mid-pregnancy  (13  weeks  pre-partum),,  two  weeks  pre-partum  (July  1996), 
two  and  six  weeks  post-partum.  These  animals  were  grazed  from  adolescence  and 
throughout  this  experiment  and  were  not  housed  during  winter  1995/1996.  Winter 
ration  for  these  cows  was  big-bale  grass  silage  with  no  additional  protein  supplement. 
Following  calving  they  were  fed  an  18%  crude  protein  concentrate  in  the  milking 
pariour  according  to  milk  yield. 
The  claw  biopsies  obtained  were  cultured  as  described  in  Chapter  2.  Claw 
examinations  were  performed  shortly  before  each  biopsy.  The  summer  calving  heifers 
were  examined  seven  times  and  the  winter  calving  heifers  were  examined  five  times. 
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Paired  and  unpaired  t  tests  and  non-parametric  analyses  (Wilcoxon  signed  rank 
test)  were  performed  using  Mnitabrm(Release  7.2,  NfinItab  Inc.,  Pennsylvania,  USA). 
Analysis  of  variance  was  performed  using  Genstat  5Tm(Release  2.2,  Lawes  Agricultural 
Trust,,  Rothamsted  Experimental  Station,  Herts.,  UK). 
5.3  RESULTS 
5.3.1  Biopsies 
5.3.1.1  Winter  calvers 
At  the  beginning  of  experimental  treatment,  on  7  July  1995,  the  heifers  were 
examined  for  the  first  time.  At  this  time,  the  heifers  were  very  young  (2  years  old)  and 
all  had  clinically  normal  claws  and  no  history  of  lameness.  The  winter  calvers  were  first 
sampled  during  mid-pregnancy  (July  1995).  From  each  of  the  seven  animals,  four 
biopsy  cores  were  obtained  from  each  10  mm  drilled  hole.  However,,  the  tissue  varied 
in  quality,  mostly  due  to  problems  with  the  biopsy  punches  (Chapter  3),  and  some  tissue 
cores  contained  only  horn,  so  were  not  suitable  for  culture.  The  average  amount  of 
tissue  used  for  culture  from  each  animal  was  33.01  mg.  However,  our  ability  to  obtain 
good  quality  tissue  cores  improved  with  practice,  so  the  average  amount  of  tissue 
obtained  in  later  biopsy  procedures  was  usually  about  50  mg  per  animal. 
The  next  set  of  claw  examinations  was  carried  out  in  November  1995,  during 
late  pregnancy.  All  the  heifers  had  clinically  nonnal  claws  and  there  appeared  to  be  no 
damage  to  the  horn  from  the  first  biopsy.  The  first  biopsy  hole  had  grown  down  the 
claw  wall  and  was  far  enough  down  to  be  trimmed  away  using  a  hoof  knife. 
Immediately  after  this  set  of  claw  examinations,  and  following  the  normal  management 
regime  for  the  rest  of  the  herd,  the  heifers  were  moved  from  grazing  onto  concrete 
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described  in  methods).  The  animals  were  next  sampled  five  days  after  this  move  from 
grazing  and  all  were  shoWing  signs  of  lameness.  Their  feet  were  red  and  hot  to  touch 
around  the  coronary  band.  All  seven  of  the  animals  were  sampled  and  an  average  of 
53.16  mg  of  tissue  was  obtained  from  each.  The  animals  were  then  returned  to  winter 
housing,  where  they  remained  until  calving,,  and  after  which  they  were  introduced  into 
the  milking  herd. 
When  next  examined  in  December,  all  the  animals  were  approximately  2  weeks 
post-partum,  and  all  were  lame.  There  was  extensive  solear  haemorrhage  and  under- 
running  of  the  horn  and  in  some  animals  exposure  of  the  corium.  could  be  seen  on  both 
the  claw  sole  and  wall.  Solear  haemorrhage  occuffed  mostly  on  the  hind  claws  and 
around  the  biopsy  areas.  One  heifer  was  very  lame  due  to  deep  solear  haemorrhages 
and  solear  ulcers  on  both  the  inner  and  outer  claws  of  the  right  and  left  hind  feet,  and 
it  was  decided  not  to  biopsy  her.  The  other  six  animals  were  sampled  the  following  day 
and  four  biopsy  cores  were  obtained,  with  an  average  of  59.85  mg  of  tissue  from  each 
animal.  On  this  occasion  the  claw  tissue  biopsies  were  cultured  in  the  presence  of  L- 
[35  S]-methionine  only,  i.  e.  [3  H]-thymidine  was  not  added.  This  was  done  because  of 
concerns  about  the  low  levels  of  incorporation  of  both  isotopes  obtained  at  the  previous 
biopsy  (see  below).  However,  these  concerns  proved  to  be  ill-founded. 
The  next  set  of  claw  examinations  took  place  in  January  1996  (10  weeks  post- 
partwn).  All  of  the  seven  cows  were  lame,  With  deep  solear  haernorrhaging  and  solear 
ulcers.  Three  heifers  were  particularly  affected  and  were  having  extreme  difficulty 
walking.  When  the  biopsy  holes  on  the  claw  wall  were  looked  at  more  closely, 
underlying  infection  was  apparent  around  the  biopsy  sites  and  in  some  of  the  animals, 
the  corium  was  exposed  and  the  surrounding  tissue  was  red  raw  and  bleeding.  On 
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obtaining  their  claws  from  the  abattoir,,  tissue  was  obtained  post-mortem  using  a  biopsy 
punch.  Five  biopsy  cores  were  obtained  from  each  claw  in  the  same  way  as  described 
for  the  in  vivo  biopsies  and  an  average  of  87.77  mg  of  tissue  was  obtained  from  each 
cow.  We  were  able  to  obtain  a  much  larger  amount  of  tissue  because  the  biopsies  were 
much  easier  to  perfonn  post-mortem.  In  the  previous  analysis,  no  significant 
differences  were  found  when  the  tissue  was  labelled  with  one  radioactive-isotope  only, 
therefore,,  all  tissue  was  again  cultured  in  the  presence  of  both  L-[35S]-methionine  and 
[  H]-thymidine. 
The  other  four  remaining  cows  were  also  lame  during  January  1996,  however,, 
we  did  not  slaughter  them,  as  they  were  not  so  severely  affected  and  they  were  left 
indoors.  They  were  examined  again  four  weeks  later  (February  1996).  Three  were  still 
lame  and  had  deep  solear  haemorrhaging  and  solear  ulcers  and  were  receiving  antibiotic 
treatment  twice  a  day  (20  ml/duphacillin,  i/m).  These  three  animals  were  culled  in 
March  and  their  claws  were  sampled  post-mortem.  The  claws  of  one  of  these  were 
badly  damaged  due  to  infection  of  previous  biopsy  sites  and  it  was  impossible  to  obtain 
any  tissue  at  all.  The  tissue  crumbled  on  removal  with  the  biopsy  punch.  From  the 
other  two  animals.,  five  cores  were  taken  and  an  average  of  92.50  mg  was  obtained  from 
each  cow. 
The  one  remaining  animal  from  this  group  appeared  to  be  recovering  and, 
therefore,  was  not  slaughtered.  In  order  to  allow  her  to  recover  fully,  we  did  not  sample 
her  again. 
5.3.1.2  Summer  calvers 
The  summer  calving  heifers  were  first  examined  on  18  August  1995.  These 
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winter  calving  heifers,  these  animals  were  very  young  at  the  start  of  experimental 
treatment,  the  average  age  being  1.5  years.  The  claws  of  all  seven  were  in  good 
condition  and  there  was  no  history  of  any  lameness  problems.  The  first  biopsies  were 
taken  in  August  1995,  at  eight  weeks  pre-conception.  Biopsies  were  obtained  from  all 
seven  of  the  animals  and  the  average  amount  of  tissue  obtained  was  53.04  mg.  The 
depth  required  to  drill  through  the  hom  of  the  claw  wall  to  reach  the  underlying  corium 
was  very  shallow,  probably  due  to  the  young  age  of  these  animals,  and  this  made  the 
biopsies  easy  to  obtain.  Following  the  biopsy  procedure,  the  animals  were  immediately 
returned  to  grazing. 
Synchronisation  of  ovulation  and  artificial  insemination  took  place  on  16 
October  1995.  All  seven  conceived.  In  November  1995,,  during  early  pregnancy,  claw 
examinations  were  carried  out  again.  All  of  the  heifers  had  clinically  normal  claws. 
The  last  biopsy  site  was  still  visible  but  was  not  quite  far  enough  down  the  claw  wall 
for  trimming  out.  However,  there  was  no  gross  sign  of  any  infection  in  any  of  the 
animals.  The  heifers  were  sampled  six  days  after  this  examination.  Again,  all  seven  of 
the  cows  were  sampled  without  any  difficulties  and  an  average  of  57.88  mg  of  tissue 
was  obtained  from  each  animal. 
Claw  examinations  were  next  carried  out  in  April  1996  (mid-pregnancy). 
Although  most  of  the  claws  were  in  good  condition,  there  was  some  solear 
haemorrhaging  around  previous  biopsy  sites.  However,  this  was  not  severe  and  most 
was  trimmed  out  using  a  hoof  knife.  All  the  heifers  walked  without  difficulty.  Two 
days  after  this  examination  the  heifers  were  sampled  again  and  an  average  of  55.65  mg 
of  tissue  was  obtained  peTanimal. 
Approximately  two  weeks  before  calving,  in  June  1996,  claw  examinations 
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previous  biopsy  sites  were  healing  and  some  had  been  trimmed  out.  The  remaining 
heifer  had  an  infected  solear  ulcer  on  the  left  hind  outer  claw.  When  the  animals  were 
next  sampled  five  days  later,  she  was  omitted.  The  animals  were  heavily  pregnant  at 
this  time  and  particular  care  had  to  be  taken  with  the  procedure,  however,  sufficient 
amounts  of  tissue  were  obtained  for  culture  from  all  (average  62.70  mg/animal). 
Following  this  set  of  biopsies,  the  heifers  were  returned  to  and  calved  at  grass. 
However,  calving  was  spread  over  several  weeks  as  some  of  the  animals  were  very  late 
to  give  birth.  Therefore,  the  dates  on  which  the  group  were  next  to  be  sampled  (at  two 
and  six  weeks  post-partum),  became  separated  over  several  weeks.  All  members  of  the 
group  were  also  examined  a  further  three  times,  on  different  dates,  during  August  and 
September  1996,  as  described  below. 
Six  of  the  heifers,  including  the  one  not  sampled  in  July,  were  sampled  at  two 
weeks  after  calving.  One  was  not  sampled  as  she  was  very  lame  on  the  right  hind  outer 
claw,  following  infection  of  the  last  biopsy  site,  and  no  viable  tissue  was  obtained  from 
one  of  the  six  which  were  sampled.  The  average  amount  of  tissue  obtained  was  46.95 
mg  from  each  of  five  cows. 
The  final  set  of  biopsies  from  these  summer  calvers,  was  taken  six  weeks  after 
calving.  All  arnmals  were  sampled  at  this  stage,  except  for  the  one  who  had  previously 
been  omitted  in  July  and  who  was  suffering  from  extensive  solear  haemorrhaging  on 
both  hind  feet.  The  amount  of  tissue  obtained  was  more  variable  on  this  occasion  due 
to  build  up  of  scar  tissue  in  two  animals.  Generally,  the  summer  calving  heifers 
recovered  well  after  each  biopsy  and  infection  of  biopsy  sites  was  much  less  with  this 
group  when  compared  to  the  winter  calvers. 
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Figure  5.1  illustrates  the  results  obtained  for  cell  proliferation  in  the  winter  and 
summer  calvers,  In  the  winter  calvers,  cell  proliferation  was  very  high  during  mid- 
pregnancy,  fell  during  late  pregnancy  and  then  increased  slightly  after  calving  and 
during  early  lactation.  In  the  summer  group,  however,  the  pattern  was  reversed  with 
respect  to  reproductive  state  in  that  proliferation  was  very  high  prior  to  conception,  low 
in  early  pregnancy,  increased  slightly  at  mid-pregnancy,  higher  in  late  pregnancy  and 
decreased  post-partum. 
Changes  during  pregnancy  and  lactation  were  analysed  using  paired  and 
unpaired  t  tests.  Proliferation  in  the  summer  calvers  had  significantly  increased  at  mid- 
pregnancy  compared  to  early  pregnancy  values  (12.74  ±  4.47  vs  147.52  ±  23.73 
dpm/ýigDNA/h,  p=0.0017,  paired  t  test).  The  individual  results  for  each  animal  showed 
that  five  of  the  six  heifers  had  an  increased  rate  of  proliferation  at  late  pregnancy  when 
compared  to  mid-pregnancy  values,  however,  overall  this  was  not  significant  (Table 
5.1).  This  was  also  not  consistent  With  the  findings  for  the  winter  calvers,  in  which 
proliferation  decreased  significantly  between  mid  and  late  pregnancy.  Not  surprisingly 
then,  values  obtained  for  the  summer  calvers,  at  late  pregnancy  were  significantly  higher 
than  those  for  the  winter  calvers  at  this  stage  of  reproduction  (Table  5.1).  Combining 
results  from  the  two  groups,  there  was  no  significant  difference  between  mid  and  late 
pregnancy.  Immediately  after  calving,  proliferation  in  the  summer  calvers  fell  very 
considerably  (but  not  significantly)  and  continued  to  be  low  during  early  lactation 
(388.24  ±  91.34  vs  81.68  ±  7.94  dpm/[tgDNA/h,  p==O.  11,  paired  t  test).  Ten  weeks  after 
calving,  biopsies  were  taken  post-mortem  from  the  claws  of  three  animals  from  the 
winter  calving  group  (269,272,273)  and  in  all  three  individual  cows,  proliferation  was 
higher  than  at  late  pregnancy. 
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of  the  values  obtained  at  late  pregnancy  with  the  average  of  all  biopsies  obtamiedpost- 
partum  for  each  cow  (Table  5.2).  Analysing  the  groups  separately,  cell  proliferation 
rose  post-partum  in  the  winter  calvers,,  which  had  developed  severe  lameness,  and 
decreased  very  markedly  in  the  summer  calvers.  Both  effects  were  significant. 
Season  also  had  a  very  powerful  effect  on  cell  proliferation,  with  differences 
between  the  groups  clearly  being  related  to  time  of  year.  Results  were  plotted  on  a 
common  chronological  abscissae  and  the  influence  of  season  was  very  obvious  with  cell 
proliferation  being  much  higher  during  the  summer  than  in  the  winter  (Figure  5.1). 
Proliferation  was  very  high  in  both  groups  during  the  summer  (1995),  but  was  notably 
higher  in  the  summer  group.  The  absolute  values  of  the  14  individuals  also  varied 
considerably  at  this  time  (range  in  cell  proliferation  values  72.30  to  890.38 
dprn/ýigDNA/h).  Interestingly,  when  results  for  the  two  groups  were  combined, 
proliferation  was  again  significantly  higher  during  the  summer  months.  Seasonal 
change  was,  therefore,  a  consistent  one.  The  significant  effects  of  season  were 
confirmed  using  paired  and  unpaired  t  tests,  as  shown  in  Table  5.3. 
Analysis  of  variance  on  the  log  transform  of  the  data  confirmed  significant 
differences  between  winter  and  summer  groups,  significant  effects  of  time,  and  a 
significant  interaction  between  these  two  factors  (Table  5.4). 
5.3.3  Protein  synt  esis 
Results  obtained  for  protein  synthesis  in  the  winter  and  summer  calvers,  are 
shown  in  Figure  5.2.  Throughout  the  experiment,  protein  synthesis  had  a  very  similar 
pattern  to  that  for  cell  proliferation.  In  the  winter  calvers,  protein  synthesis  was  very 
high  at  mid-pregnancy.  It  had  dramatically  decreased  by  late  pregnancy  and  increased 
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conception,  fell  considerably  during  early  pregnancy,  increased  at  mid-pregnancy  and 
did  not  change  at  late  pregnancy,  folloWing  calving  or  during  lactation. 
The  data  were  analysed  using  paired  and  unpaired  t  tests  and  non-parametric 
tests.  Immediately  following  calving,  protein  synthesis  in  the  winter  calvers,  which  had 
become  lame,.  increased  significantly  when  compared  to  results  obtained  during  late 
pregnancy.  However,,  ten  weeks  after  calving,  post-mortem  values  had  not  changed 
significantly,  despite  each  of  the  three  individual  animals  having  a  higher  value 
compared  to  December  (269,272,273)  (6.20  ±  0.97  vs  22.16  ±  10.03  dpm/ggDNA/h. 
p=0.3  1,  paired  t  test).  In  the  summer  calvers,,  during  mid-gestation,  there  was  a  notable 
increase  in  synthesis  compared  to  early  pregnancy  values  (5.93  ±  1.27  vs,  42.65  ±  14.01 
dpm/[tgDNA/h,  p=0.036,  Wilcoxon).  However,  between  mid-pregnancy  and  late 
pregnancy,  there  was  no  significant  change  ,  in  contrast  to  the  winter  calvers  in  which 
synthesis  had  dramatically  decreased  between  these  times  (Table  5.5).  The  groups  were 
also  compared  for  values  obtained  at  late  pregnancy  and  synthesis  was  significantly 
greater  in  the  summer  calvers  at  this  time. 
Late  pregnancy  results  were  compared  with  the  average  of  the  3(winter  group) 
or  2(summer  group)  post-partum  results  for  each  cow.  Data  were  analysed  as  described 
previously  and  this  confirmed  that  protein  synthesis  increased  significantly  after  calving 
in  the  winter  group,  but  did  not  change  in  the  summer  group  (Table  5.7).  Differences 
also  occurred  between  groups,  and  this  was  evident  when  comparing  average  post- 
calving  values.  Protein  synthesis  was  significantly  higher  in  the  summer  calving  group. 
This  may  have  been  an  effect  of  lameness  on  the  winter  group. 
As  described  for  cell  proliferation,  the  reciprocal  changes  between  the  two 
groups  could  partly  be  explained  by  a  very  powerful  effect  of  season  (Table  5.8).  The 
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considerably  higher  during  the  summer  than  the  winter.  This  was  very  evident  between 
July/August  and  November  1995,  when  protein  synthesis  decreased  dramatically, 
irrespective  oe  differences  between  the  groups  in  reproductive  state.  Synthesis  was 
also  significantly  higher  during  the  summer  months  when  values  from  the  two  groups 
were  coM  ine  . 
Therefore,,  changes  related  to  season  were  consistent  and  not  restricted 
by  stage  of  reproduction.  However,  the  groups  actually  differed  from  each  other  within 
seasons,  because  synthesis  was  considerably  higher  In  the  summer  calvers  during 
July/August  and  also  November,  when  compared  to  the  winter  calvers. 
Overall,  there  was  a  significant  difference  between  winter  and  summer  groups, 
a  significant  effect  of  time  and  also  a  significant  interaction  between  these  factors;  all 
of  which  were  confirmed  by  analysis  of  variance  on  the  log  transform  of  the  data,  as 
shown  in  Table  5.9. 
5.3.4  Locomotion  score 
Figure  5.3  shows  the  results  obtained  for  locomotion  score  in  the  winter  and 
summer  calvers.  At  the  start  of  the  experiment,  locomotion  score  was  very  low  in  both 
groups,  but  was  significantly  worse  (higher)  in  the  summer  calvers  at  this  time  (1.14  ± 
0.09  vs  1.50  ±  0.00,  p=0.0082  unpaired  t  test).  Throughout  pregnancy  values  remained 
relatively  constant  and  were  very  similar  in  both  groups  immediately  pre-partum.  Just 
after  calving,  however,  there  was  a  considerable  increase  in  locomotion  score  and  this 
was  particularly  evident  in  the  winter  group.  During  lactation,  locomotion  score  in  both 
groups  remained  notably  higher  than  pre-partum  values. 
The  data  were  analysed  using  paired  and  unpaired  t  tests  and  non-parametric 
tests.  Locomotion  score  increased  after  calving.  This  was  confirmed  by  comparing 
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group)  post-partum  values  for  each  cow.  There  was  a  significant  increase  in 
locomotion  score  after  calving  in  both  groups,  as  shown  in  Table  5.10,  although  the 
extent  of  the  increase  varied  between  groups  withpost-partum  locomotion  score  being 
significantly  higher  (worse)  in  the  winter  calving  group.  This  was  in  contrast  to  the 
onset  of  the  experiment,  when  locomotion  score  had  been  higher  in  the  summer  calvers. 
Season  was  found  to  have  no  significant  effect  on  locomotion  score  at  all,  as  shown  in 
Table  5.11.  Analysis  of  variance  found  a  significant  effect  of  time  (Table  5.12). 
5.3.5  Area  lesions 
Area  lesion  scores  were  calculated  as  described  in  Chapter  2.  Results  are  shown 
in  Figure  5.4.  Area  lesions  were  initially  worse  (higher)  in  the  summer  calving  group. 
However,  lesions  worsened  during  the  course  of  pregnancy  and  lactation  in  the  winter 
calvers.  In  the  summer  group,  area  lesion  score  remained  relatively  constant  throughout 
gestation  but  increased  markedly  during  lactation.  Lesion  score  eventually  ended  higher 
(worse)  in  the  winter  group. 
Non-paratnetric  tests,  paired  t  tests  and  unpaired  t  tests  on  absolute  or  log 
transformed  data,,  were  used  to  analyse  the  changes.  Area  lesion  score  in  the  winter 
calvers,  increased  significantly  between  mid  and  late  pregnancy  (10.91  ±  2.10  vs  38.50 
±  6.90;  p==0.039,  paired  t  test).  In  both  groups,  lesion  score  did  not  change  significantly 
immediately  after  calving,  however,  there  was  a  very  marked  increase  dunng  lactation 
and  this  was  particularly  evident  in  the  winter  calvers,  as  shown  in  Table  5.13. 
Maximum  values  for  both  groups  occurred  at  ten  weeks  post-partwn  and  at  this 
time  lesion  scores  were  clearly  higher  in  the  winter  calving  group.  This  is  as  expected 
since  the  winter  group  suffered  severe  lameness,  nevertheless,  lesions  did  also  increased 
99 in  the  summer  calvers,  at  this  time.  Results  from  both  groups  were  combi  is  ined  and  thi 
also  established  that  area  lesion  score  increased  through  the  early  part  of  lactation  and 
that  this  occurred  irrespective  of  calving  season.  Late  pregnancy  values  were  compared 
with  the  average  of  the  3  post-partum  values  for  each  animal.  Data  were  analysed  in 
the  same  way  as  before  and  this  confirmed  that  lesion  scores  were  higher  following 
parturition  in  both  the  winter  and  summer  groups  (Table  5.14).  Similarly,  when  results 
from  both  groups  were  combined,  lesions  were  greater  following  calving  compared  to 
late  gestation.  However,,  there  were  differences  between  the  groups,  since  lesions  were 
significantly  higher  in  the  winter  group  post-partum  and  again  this  was  probably  related 
to  the  severe  lameness  in  these  animals. 
Time  of  year  was  also  found  to  have  an  important  effect  on  lesion  score  in  the 
winter  calvers.  Analysing  the  data  as  described  previously,  lesions  were  higher  (worse) 
during  November  than  in  July  (1995)(Table  5.15).  Unfortunately,  it  was  not  possible 
to  study  the  effects  of  season  in  the  summer  group,  as  six  values  were  missing  from  the 
data  collected  during  November  due  to  image  analysis  problems. 
Time  and  also  the  interaction  with  group  were  confirmed  to  have  a  significant 
effect  on  area  lesion  score  by  using  analysis  of  variance  on  the  log  transformed  data 
(Table  5.16). 
5.3.6  Linear  lesions 
Linear  lesion  scores  were  also  calculated  as  described  in  Chapter  2.  Figure  5.5 
illustrates  the  results  for  linear  lesion  score  in  the  winter  and  summer  calvers.  In  the 
summer  calvers,  lesion  score  changed  considerably  throughout  gestation.  It  was  high 
prior  to  insemination,  low  in  early  pregnancy,  had  increased  at  mid-pregnancy  but  fell 
considerably  at  late  pregnancy.  In  contrast,  lesion  score  in  the  winter  calvers  was  low 
100 and  did  not  change  significantly  through  Pregnancy.  However 
,  in  both  groups  lesion 
score  had  notably  increased  following  calving  and  during  early  lactation. 
Changes  in  linear  lesion  score  appeared  to  be  related  to  stage  of  pregnancy  or 
lactation.  The  data  were  analysed  using  paired  and  unpaired  t  tests  and  non-parametric 
analysis.  This  confirmed  the  dramatic  fluctuations  in  lesion  score  which  occurred  in 
the  summer  group  during  gestation.  Between  pre-conception  (August)  and  early 
pregnancy  (November),  lesion  score  decreased  significantly  (80.90  ±  25.00  vs  18.90  ± 
6.80,  p=0.033,  paired  t  test).  By  mid-gestation  lesion  score  had  increased  very 
considerably  (18.90  ±  6.80  vs  128.30  ±  28.00,  p=0.0050,  paired  t  test)  but  had  fallen 
again  by  late  pregnancy  (128.30  ±  28.00  vs  17.80  ±  8.70,  p=0.0  12,  paired  t  test).  Values 
obtained  at  late  pregnancy  were  very  similar  to  those  obtained  for  the  winter  calvers  at 
this  time  of  gestation,  despite  the  difference  in  time  of  year  (Table  5.17).  In  the  winter 
calvers,  there  seemed  to  be  an  increase  in  lesion  score  immediately  after  calving, 
however,  this  was  not  significant  (18.90  ±  8.80  vs  88.00  ±51.00,  p=0.25,  paired  t  test)- 
The  data  showed  that  this  increase  was  mostly  attributed  to  two  animals  which  had 
developed  severe  lesions  after  parturition  (Figure  5.6).  However,  at  ten  weeks  post- 
partum,  lesion  score  had  clearly  increased  and  this  significant  change  was  reflected  in 
the  results  for  all  seven  cows  (figure  5.7).  Similarly,  a  significant  increase  occurred  in 
the  summer  group  immediately  after  calving  and  values  remained  high  through  lactation 
(17.80  ±  8.70  vs  76.60  ±  19.00,  p=O.  0  14,  paired  t  test).  Not  surprisingly,  when  values 
for  the  winter  and  summer  groups  were  combined,  lesion  score  was  significantly  higher 
at  two  weeks  post-partwn  compared  to  late  pregnancy  (18.3  9±5.90  vs  82.2  5±  26.00, 
11.032,  unpaired  t  test).  VV 
The  changes  associated  with  parturition  were  ftulher  analysed  by  comparison 
of  the  results  obtained  at  late  pregnancy  with  the  average  of  the  three  post-partum 
101 results  for  each  cow.  Lesion  score  was  significantly  higher  after  calving  in  both  groups 
and  this  was  most  evident  in  the  winter  calvers  (Table  5.17).  Results  from  both  the 
winter  and  summer  calvers  were  again  combined  and  this  further  confirmed  that  lesion 
score  increased  after  calving  and  that  this  occurred  regardless  of  the  time  of  year. 
However,,  season  was  also  found  to  influence  lesion  score  and  this  could  explain 
differences  between  the  two  groups.  Analysing  the  data  as  before 
,  in  the  summer 
calvers  lesions  were  greater  during  August  than  in  November  (I  995)(Table  5.18).  In 
the  winter  calvers  there  was  no  significant  difference  between  seasons,  however, 
combining  the  results  from  both  groups,  lesions  were  significantly  higher  during 
summer  than  winter.  Values  obtained  during  summer  1995  also  varied  between  groups, 
since  lesions  were  significantly  greater  in  the  summer  calvers  at  this  time  of  year. 
Analysis  of  variance  on  the  log  transform  of  the  data  confirmed  that  time  and 
the  interaction  of  group  and  time  both  significantly  influenced  linear  lesion  score  and 
this  is  shown  in  Table  5.19. 
5.3.7  Growth 
Results  for  growth  in  the  winter  and  summer  calvers  are  shown  in  Figure  5.8. 
Growth  was  measured  as  the  distance  between  consecutive  marks  on  the  claw  wall, 
therefore,  no  data  were  available  for  July/August  1995,  since  this  was  when  the  first 
mark  was  made.  In  the  summer  calvers,  growth  was  low  and  did  not  change  throughout 
pregnancy.  However,  immediately  after  calving  and  during  early  lactation,  growth 
increased  but  then  fell  notably  as  lactation  progressed.  Growth  in  the  winter  calvers 
also  appeared  to  increase  immediately  following  calving  and  then  remained  constant 
through  lactation. 
Paired  and  unpaired  t  tests  were  used  to  analyse  the  changes  in  growth,  which 
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parturition  was  not  significant  in  either  group  (winter  calvers;  3.16  ±  0.43  vs  3.90  ± 
0.69,  p=0.40  paired  t  test)(summer  calvers;  3.83  ±  0.18  vs  5.07  ±  0.63,  p=O.  15  paired 
ttest).  However,  when  mean  post-partum  values  were  compared  with  those  from  late 
gestation  growth  had  increased  after  calving  in  both  groups  (Table  5.20).  These  effects 
of  calving  were  consistent  and  occurred  irrespective  of  parturition  date  because 
combining  the  data  from  both  groups,  growth  was  also  significantly  greater  post-partum 
than  pre-partum.  However,  growth  also  varied  between  groups,  being  significantly 
higher  in  the  summer  calvers  post-partum.  The  effects  of  season  on  growth  could  not 
be  analysed  due  to  the  missing  data  for  July/August  1995.  Table  5.21  shows  that  the 
significant  effect  of  time  on  growth  was  confirtned  by  analysis  of  variance. 
5.3.8  Wear 
Figure  5.9  shows  the  results  obtained  for  wear  in  the  winter  and  summer  calvers. 
In  the  summer  calvers,  wear  remained  relatively  constant  throughout  gestation. 
However,  there  was  a  very  major  increase  immediately  after  parturition,  and  this  also 
occurred  in  the  winter  calvers.  During  lactation,  however,  wear  had  notably  decreased 
in  both  groups. 
Analysis  of  the  data  was  carried  out  using  non-parametric  tests,  paired  t  tests 
and  unpaired  t  tests  on  absolute  or  log  transformed  data.  Table  5.22  shows  that  wear 
increased  significantly  at  two  weeks  post-partum  in  both  groups.  Combining  the  data 
from  both  the  winter  and  summer  calvers  confirmed  this.  However,  lactation  also  had 
an  effect  on  wear  as  shown  in  Table  5.23.  In  both  groups,  wear  was  significantly  lower 
at  ten  weeks  post-partum  compared  to  two  weeks  post-partum.  Again,  analysing  the 
groups  together  confirmed  this  and  that  the  effects  of  lactation  must  have  been 
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two  groups,  wear  being  significantly  greater  in  the  summer  calvers  at  ten  weeks  after 
calving.  As  described  for  growth,  the  effects  of  season  could  not  be  analysed  due  to 
there  being  no  values  for  July/August  1995.  Analysis  of  variance  confirmed  that  time 
had  a  significant  effect  on  wear  as  shown  in  Table  5.24. 
5.3.9  Hardness 
Results  for  claw  hardness  in  the  winter  and  summer  calvers  are  illustrated  in 
Figure  5.10.  In  the  winter  calvers,  claw  hardness  was  high  during  mid-pregnancy,  fell 
by  late  pregnancy  and  did  not  change  after  calving  or  during  lactation.  In  the  summer 
calvers,  hardness  was  very  high  prior  to  conception,  fell  during  early  pregnancy, 
decreased  again  at  mid-pregnancy  and  increased  at  late  pregnancy.  Immediately  after 
calving  hardness  did  not  change  but  decreased  later  in  lactation. 
Hardness  results  were  analysed  using  paired  and  unpaired  t  tests  and  non- 
parametric  tests.  In  the  summer  calvers,  there  were  significant  changes  during  both 
pregnancy  and  lactation.  Hardness  decreased  significantly  between  early  and  mid- 
pregnancy  (83.68  ±  0.77  vs  79.37  ±  0.70,  p=0.014  paired  t  test)  but  by  late  pregnancy 
had  increased  again  (79.37  ±  0.70  vs  81.77  ±  0.63,  pz--0.0036  paired  t  test).  This  was  In 
contrast  to  the  winter  calvers  in  which  hardness  decreased  prior  to  calving.  These 
changes  could  have  been  an  effect  of  either  gestation  or  time  of  the  year.  During 
lactation,  hardness  in  the  summer  group  decreased  significantly  between  two  and  six 
weeks  post-partum  (82.5  7±0.77  vs  79.44  ±  0.3  0,  p=O.  01  paired  t  test).  Pre-  and  post- 
partum  values  were  not  significantly  different  for  either  group,  therefore,  calving  itself 
did  not  affect  hardness.  Nor  was  there  any  difference  between  groups  for  these  times. 
However,  time  of  the  year  was  clearly  an  important  influence  on  claw  hardness.  The 
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July/August  than  in  November  as  shown  in  Table  5.25.  Analysing  the  groups  together, 
established  that  these  effects  of  season  were  consistent.  Table  5.26  shows  that  analysis 
of  variance  found  no  significant  effects  of  either  time  or  group  on  hardness. 
5.3.10  Angle  of  the  outer  claw 
Figure  5.11  illustrates  the  results  for  angle  of  the  outer  claw  in  the  winter  and 
summer  calvers.  For  both  groups,  angle  tended  to  increase  between  July/August  and 
November  1995  and  then  remained  relatively  constant  throughout  the  rest  of  pregnancy 
and  lactation. 
Analysis  of  the  data,,  using  paired  and  unpaired  t  tests,  established  that  season 
had  a  significant  effect  on  the  angle  of  the  outer  claw.  In  the  summer  calvers,  angle 
increased  considerably  between  August  and  November  (Table  5.27).  A  similar  increase 
was  seen  in  the  winter  calvers  between  these  times,  however,  this  was  not  significant. 
Nevertheless,  when  data  from  both  groups  were  combined  angle  was  significantly 
greater  during  winter  and  so  this  effect  of  season  was  a  consistent  one.  However,  the 
groups  actually  differed  from  each  other  within  seasons  because  angle  was  steeper  in 
the  summer  calvers  during  November  compared  to  the  winter  calvers.  Calving  and 
lactation  were  found  to  have  no  significant  effect  on  angle  in  either  group.  As  shown 
in  Table  5.28  the  significant  influence  of  group  on  the  outer  claw  angle  was  confirmed 
by  analysis  of  vanance. 
5.3.11  Angle  of  the  inner  claw 
Results  obtained  for  angle  of  the  inner  claw  in  the  winter  and  summer  calvers 
are  shown  in  Figure  5.12.  In  the  winter  calvers,  angle  was  low  during  pregnancy, 
105 appeared  to  increase  after  calving  and  did  not  change  during  lactation.  In  the  summer 
calvers,,  angle  was  very  low  pre-conception,  increased  at  early  pregnancy,  did  not 
change  at  mid-pregnancy  but  fell  at  late  pregnancy.  After  calving  and  during  lactation, 
angle  did  not  change. 
Stage  of  reproduction  appeared  to  have  only  a  very  small  effect  on  angle.  In  the 
winter  calvers,  angle  did  not  change  significantly  throughout  the  experiment.  The 
increase  just  following  calving  was  also  not  significant  (42.86  ±  0.91  vs  46.00  ±  1.70, 
p=0.20  paired  t  test).  In  the  summer  group  angle  appeared  to  increase  between  pre- 
conception  and  early  pregnancy,  however,  this  was  not  significant  and  could  be 
attributed  to  one  animal  (280)  in  which  angle  increased  from  40  to  50'between  these 
times  (43.00  ±  2.20  vs  46.60  ±  1.2  1,  p=0.23  paired  t  test).  However,  angle  decreased 
significantly  in  the  summer  calvers  between  mid  and  late  pregnancy  (46.40  ±  1.0  vs 
45.29  ±  0.89,  p=0.02  paired  t  test).  Angle  did  not  change  significantly  after  calving  or 
during  lactation  in  either  group.  Time  of  year  also  had  no  significant  effect.  There  was 
no  significant  difference  between  the  winter  and  summer  calvers  at  any  stage  of  the 
experiment.  Analysis  of  variance  found  that  group  was  the  only  factor  to  have  a 
significant  effect  on  angle  of  the  inner  claw  (Table  5.29). 
5.3.12  Length  of  the  outer  claw 
Figure  5.13  shows  the  results  for  length  of  the  outer  claw  in  the  winter  and 
summer  calvers.  In  the  winter  calvers,  length  was  greatest  during  pregnancy,  decreased 
following  parturition  and  remained  low  during  lactation.  In  the  summer  calvers,  length 
increased  between  early  and  mid  pregnancy  (74.14  ±  0.77  vs  77.57  ±  0.95,  p=0.026 
paired  t  test),  remained  high  at  late  pregnancy,  fell  notably  after  calving  but  increased 
as  lactation  progressed  (71.83  ±  1.70  vs  74.14  ±  1.70,  p;  ==0.043  paired  I  test). 
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major  influence  on  the  length  of  the  outer  claw.  In  both  groups,,  length  decreased 
considerably  immediately  after  parturition  (Table  5.30).  Analysing  the  groups  together 
also  confirmed  this  and  so  the  effects  of  parturition  must  have  been  consistent  and  not 
affected  by  the  time  of  year.  However,  the  groups  also  differed  within  reproductive 
stage,  since  length  was  significantly  greater  in  the  winter  calving  group  during  late 
pregnancy.  Season  had  no  significant  effect  on  length  in  either  group.  Table  5.31 
shows  that  both  group  and  time  state  had  a  significant  effect  on  length  and  this  was 
confirmed  by  analysis  of  variance.  However,  the  interaction  of  these  two  factors  was 
not  important. 
5.3.13  Length  of  the  inner  claw 
Results  obtained  for  length  of  the  inner  claw  in  the  winter  and  summer  calvers 
are  illustrated  in  Figure  5.14.  In  the  winter  calvers,  length  was  short  during  mid- 
pregnancy,  longer  at  late  pregnancy,  decreased  following  calVing  but  longer  in  lactation. 
In  the  summer  calvers,  length  remained  relatively  constant  throughout  pregnancy  but 
was  shorter  after  calving  and  during  lactation.  Changes  in  length  were  analysed  using 
paired  and  unpaired  t  tests  and  non-parametric  tests.  There  was  no  significant  change 
in  the  winter  calvers,  throughout  the  study.  However 
,  in  the  summer  calvers  length 
decreased  significantly  immediately  following  calving  (76.71  ±  0.68  vs  72.14  ±  1,50, 
p=0.0  15  paired  t  test).  Indeed,  the  effects  of  parturition  on  claw  length  appeared  to  be 
important  and  were  examined  further  by  comparing  late  pregnancy  and  mean  Post- 
partum  results.  Again,  length  was  significantly  shorter  following  calving  in  the  summer 
group  (Table  5.32).  Interestingly,  combining  the  data  from  the  two  groups,  also 
confirmed  this  effect,  despite  there  being  no  significant  change  after  calving  In  the 
107 winter  group  when  they  were  analysed  alone.  Significant  differences  in  length  also 
occurred  between  the  groups,  since  length  was  greater  in  the  winter  calvers  both  before 
and  after  calving  (Table  5.32).  Time  of  year  did  not  have  a  significant  effect  in  either 
group.  Analysis  of  variance  confirmed  that  group  had  a  significant  effect  on  the  length 
of  the  inner  claw  as  shown  in  Table  5.33. 
108 Winter  calvers 
300  ý1 
-18  n=7 
250 
200 
150 
100 
50 
0 
Summer  calvers 
700 
600 
500 
400 
=L 
300 
l= 
200 
100 
0 
t%flr*.  "  nfl 
Aug  Nov  Apr  Jul  Aut! 
Figure  5.1  Cell  proliferation  (measured  as  3  H-thymidine  incorporation)  in  claw 
biopsies  obtained  from  winter  and  summer  calving  heifers  at  different  times  of  year. 
Values  over  each  column  are  weeks  relative  to  parturition.  Values  are  means  ±  s.  e. 
(*p<0.05  paired  t  test,  when  comparing  Jul  and  Nov  in  winter  calvers  and  Aug  and 
Nov  and  also  Nov  and  Apr  in  summer  calvers). 
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Figure  5.2  Protein  synthesis  (measured  as  35  S-methioMne  incorporation)  in  claw 
tissue  biopsies  obtained  from  winter  and  summer  calving  heifers  at  different  times  of 
year.  Values  over  columns  are  weeks  relative  to  parturition.  Values  are  means  ±  s.  e. 
(*p<0.05  paired  t  test;  comparing  -2  and  +2  weeks  in  winter  calvers  and  Aug  and 
Nov  in  summer  calvers.  **p<0.05  Wilcoxon  non-parametric  test,  comparing  Jul  and 
Nov  in  winter  calvers  and  Nov  and  Apr  in  summer  calvers). 
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Figure  5.3  Locomotion  score  in  winter  and  summer  calving  heifers  at  different 
times  of  year.  Values  over  columns  are  weeks  relative  to  parturition.  Values  are 
means  ±  s.  e.;  n=7  unless  otherwise  stated.  (*  p<0.05  paired  t  test,  when  comparing 
-2  and  +2  weeks  in  winter  calvers). 
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Figure  5.4  Total  area  lesion  score  in  winter  and  summer  calving  heifers  at  different 
times  of  year.  Values  over  columns  are  weeks  relative  to  parturition.  Values  are 
means  ±  s.  e.;  n=7  unless  otherwise  stated.  (*  p<0.05  paired  t  test,  when  comparing 
Jul  and  Nov  and  also  +2  and  +10  weeks  in  the  winter  calvers). 
112 
Jul  Nov  Dee  Jan  Feb 400 
350 
300 
250 
200 
150 
100 
50 
0 
-18 
Jul 
n=4 
+14 
Nov  Dee  Jan  Feb 
Summer  calvers 
180 
160 
140 
120 
100 
80 
140 
ec  60 
40 
20 
0 
-13 
Figure  5.5  Total  linear  lesion  score  in  winter  and  summer  calving  heifers  at 
different  times  of  year.  Values  over  columns  are  weeks  relative  to  parturition.  Values 
are  means  ±  s.  e.;  n=7  unless  otherwise  stated.  (*p<0.05  paired  t  test  on  absolute  data, 
when  comparing  Aug  and  Nov,  Nov  and  Apr,  Apr  and  Jul,  and  also  -2  and  +2  weeks 
in  the  summer  calvers).  (**p<0.05  paired  t  test  on  log  transfom-led  data,  comparing 
+2  and  +10  weeks  in  the  winter  calvers). 
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Figure  5.6  Linear  lesion  score  in  the  seven  winter  calving  heifers  at  2  weeks  pre- 
paftm  and  2  weeks  post-partum. 
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Figure  5.7  Linear  lesion  score  in  the  seven  winter  calving  heifers  at  2  weeks  post- 
partum  and  10  weeks  post-partum. 
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Figure  5.8  Claw  growth  (mm/month)  in  Winter  and  summer  calving  heifers  at 
different  times  of  year.  Values  over  each  column  are  weeks  relative  to  parturition. 
Values  are  means  ±  s.  e.;  n=7  unless  otherWise  stated. 
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Figure  5.9  Claw  wear  (mm.  /month)  in  winter  and  summer  calving  heifers  at 
different  times  of  year.  Values  over  each  column  are  weeks  relative  to  parturition. 
Values  are  means  ±  s.  e.,;  n==7  unless  otherwise  stated.  (*  p<0.05  paired  t  test,  when 
comparing  -2  and  +2  weeks  in  the  winter  calvers  and  summer  calvers,  and  +2  and 
+6  weeks  in  the  summer  calvers). 
117 
Nov  Dee  Jan  Feb 
Nov  Apr  Jul  Sep Winter  calvers 
90  - 
88  - 
18 
86 
84 
82 
80 
Jul 
parturition 
n=2 
Summer  calvers 
89 
87 
85 
83 
81 
79 
77 
75 
nflr-n  an 
Figure  5.10  Claw  hardness  in  winter  and  summer  calving  heifers  at  different  times 
of  year.  Values  over  each  column  are  weeks  relative  to  parturition.  Values  are 
means  ±  s.  e.;  n=7  unless  otherwise  stated.  (*  p<0.05  paired  t  test,  comparing  Jul  and 
Nov  in  winter  calvers  and  Nov  and  Apr,  Apr  and  July,  and  +2  and  +6  weeks  in 
summer  calvers). 
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Figure  5.11  Outer  claw  angle  (degrees)  in  winter  and  summer  calving  heifers  at 
different  times  of  the  year.  Values  over  each  column  are  weeks  relative  to 
parturition.  Values  are  means  ±  s.  e.;  n=7  unless  otherwise  stated.  (*  p<0.05  paired  t 
test,,  when  comparing  Aug  and  Nov  in  surnmer  calvers). 
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Figure  5.12  Inner  claw  angle  (degrees)  in  winter  and  summer  calving  heifers  at 
different  times  of  the  year.  Values  over  each  column  are  weeks  relative  to 
parturition.  Values  are  means  ±  s.  e.,  -,  n=-7  unless  otherwise  stated.  (*  p<0.05  paired  t 
test,,  when  comparing  Apr  and  July  in  summer  calvers). 
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Figure  5.13  Outer  claw  length  (mm)  in  winter  and  summer  calving  heifers  at 
different  times  of  year.  Values  over  each  column  are  weeks  relative  to  parturition. 
Values  are  means  ±  s.  e.;  n=7  unless  otherwise  stated.  (*  p<0.05  paired  t  test,  when 
companng  -2  and  +2  weeks  in  winter  calvers,  and  Nov  and  Apr,  -2  and  +2  weeks,, 
and  +2  and  +6  weeks  in  summer  calvers). 
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Figure  5.14  Inner  claw  length  (mm)  in  winter  and  summer  calving  heifers  at 
different  times  of  year.  Values  over  each  column  are  weeks  relative  to  parturition. 
Values  are  means  ±  s.  e.;  n=7  unless  otherwise  stated.  (*  p<0.05  paired  t  test,  when 
companng  -2  and  +2  weeks  in  summer  calvers). 
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Jul  Nov  Dee  Jan  Feb 
Aug  Nov  Apr  Jul  Sep Mid  pregnancy  Late  pregnancy  P  value 
Winter  calvers  220.59  ±  59.91  22.29  ±  7.24  0.014  a 
Summer  calvers  147.52  ±  23.73  388.24  ±  91.34  0.073  a 
P  value  0.290  b  0.010  b 
Winter  and  summer 
calvers 
184.05  ±  32.00  191-19  ±  66.00  0.920  b 
Table  5.1  Cell  Proliferation  in  the  winter  and  summer  calving  heifers.  Analysis  of 
changes  between  mid  and  late  pregnancy.  Values  are  means  ±  s.  e.  (n=see  Figure  5.1) 
and  are  significantly  different  when  p<0.05,  a--paired  t  test,  b=unpaired  t  test. 
Pre-partum  Mean  post-partum  P  value 
Winter  calvers  22.29  ±  7.24  70.41  16.60  0.044  a 
Summer  calvers  388.24  ±  91.34  66.67  9.64  0.019  a 
P  value  0.010  b  0.850  b 
Winter  and  summer 
calvers 
191.20  ±  66.20  68.23  ±  8.46  0.090  b 
Table  5.2  Analysis  of  changes  in  cell  proliferation  around  parturition  in  the  winter 
and  summer  groups.  Values  are  means  ±  s.  e.  (n==see  Figure  5.1),  p<0.05  is 
significant,  a=paired  t  test,  b=unpaired  t  test. 
123 Summer 
(July/August) 
Winter 
(November) 
P  value 
Winter  calvers  220.59  59.91  22.29  ±  7.24  0.014  a 
Summer  calvers  529.72  100.01  12.74  ±  4.47  0.002  a 
P  value  0.026  b  0.280  b 
Winter  and  summer 
calvers, 
375.15  ±  70.00  17.52  ±4.30  0.0002  b 
Table  5.3  Analysis  of  seasonal  differences  in  cell  proliferation  in  the  winter  and 
summer  calvers.  Values  are  means  ±  s.  e.  (n--see  Figure  5.1),  p<0.05  is  significant, 
a=paired  t  test,  b=unpaired  t  test. 
Nfid  Late  Post-  s.  e.  d.  P  value  P  value  P  value 
preg  preg  partum  goup  time  gxt 
Winter  5.17  2.71  3.88 
calvers 
0.42  0.005  0.002  0.001 
Summer  4.91  5.74  3.99 
calvers 
Table  5.4  Effect  of  (a)  group,  (b)  time  (reproductive  state)  and  (c)  the  interaction  of 
these  factors  (g  x  t)  on  cell  proliferation  in  the  winter  and  summer  calvers.  Results 
were  analysed  by  analysis  of  variance  on  the  log  transformed  data.  Values  are 
means  (n--see  Figure  5.1),  s.  e.  d.  =standard  error  of  difference,  p<0.05  is  significant. 
124 Mid  pregnancy  Late  pregnancy  P  value 
Winter  calvers  99.47  ±  49.40  2.14  ±  0.69  0.0156  c 
Summer  calvers  42.65  ±  14.01  58.83  ±  12.11  0.77  a 
P  value  0.31  b  0.0054  b 
Winter  and  summer 
calvers 
73.24  ±  27.00  28.30  ±  9.70  0.15  b 
Table  5.5  Protein  synthesis  in  the  winter  and  summer  calving  heifers.  Analysis  of 
changes  between  mid  and  late  pregnancy.  Values  are  means  ±  s.  e.  (n=see  Figure  5.2) 
and  are  significantly  different  when  p<0.05,  a=paired  t  test,  b=unpalred  t  test  and 
c=non-  parametnc  test. 
2  weeks  pre-partum  2  weeks  post- 
partum 
P  value 
Winter  calvers  2.14  0.69  6.20  ±  0.97  0.05  a 
Summer  calvers  58.83  12.11  84.18  ±  32.84  0.53  a 
P  value  0.0054  b  0.020  b 
Winter  and  summer 
calvers 
28.30  ±  9.70  41.64  ±  19.00  0.53  b 
Table  5.6  Analysis  of  changes  in  protein  synthesis  between  2  weeks  pre-partum  and 
2  weeks  post-partuni  in  the  winter  and  summer  groups.  This  data  was  analysed 
including  cow  291  (**)  as  described  in  the  text.  Values  are  means  ±  s.  e.  (n=see 
Figure  5.2),  p<0.05  is  significant,  a=paired  t  test,  b--unpaired  t  test. 
125 2  weeks  pre-parturn  Mean  post-partum  P  value 
Winter  calvers  2.14  ±  0.69  12.36  ±  2.80  0.024  a 
Summer  calvers  58.83  ±  12.11  44.21  ±  8.80  0.35  a 
P  value  0.0054  b  0.018  b 
Winter  and  summer 
calvers 
28.30  ±  9.70  28.30  ±  6.50  1.00  b 
Table  5.7  Analysis  of  changes  in  protein  synthesis  around  parturition  in  the  winter 
and  summer  calvers.  This  data  was  analysed  excluding  cow  291  (#)  as  described  in 
the  text.  Values  are  means  ±  s.  e.  (n--see  Figure  5.2).  Differences  are  significant 
when  p<0.05,  a=paired  t  test,  b=unpaired  t  test. 
Summer 
(July/August) 
Winter 
(November) 
P  value 
Winter  calvers  99.47  ±  49.40  2.14  0.69  0.0156  c 
Summer  calvers  297.76  ±  73.58  5.93  1.27  0.0072  a 
P  value  0.048  b  0.027  b 
Winter  and  summer 
calvers 
198.61  ±  50.00  4.04  ±  0.87  0.0020  b 
Table  5.8  Analysis  of  seasonal  differences  in  protein  synthesis  in  the  winter  and 
summer  calvers.  Values  are  means  ±  s.  e.  (n=see  Figure  5.2),  p<0.05  is  significant, 
a=paired  t  test,  b=:  unpaired  t  test,  c=non-parametric  test. 
126 Mid  Late  2  6  or  10  s.  e.  d.  P  value  P  value  P  value 
preg  preg  weeks  weeks  group  time  (g  x0 
post-  post- 
partum  parturn 
Wint  4.03  0.53  1.67  2.94 
calvers 
0.39  0.001  0.001  0.001 
Summ.  3.65  3.99  4.16  3.71 
calvers 
Table  5.9  Effect  of  (a)  group,  (b)  time  (reproductive  state)  and  (c)  the  interaction  of 
these  factors  (g  x  t)  on  protein  synthesis  in  the  winter  and  summer  calvers.  Results 
were  analysed  by  analysis  of  variance  on  the  log  transformed  data.  Values  are 
means  (n--see  Figure  5.2),  s.  e.  d.  =standard  error  of  difference,  p<0.05  is  significant. 
Pre-partum  Mean  post-partum  P  value 
Winter  calvers  1.214  ±  0.101  2.964  0.234  0.0002  a 
Summer  calvers,  1.450  ±  0.031  2.310  0.10  0.041  a 
P  value  0.92  b  0.033  b 
Winter  and  summer 
calvers 
1.33  ±  0.061  2.64  ±  0.15  0.0000  b 
ing  heifers.  Analysis  Table  5.10  Locomotion  score  in  the  winter  and  summer  calvi  I 
of  changes  around  parturition.  Values  are  means  ±  s.  e.  (n==see  Figure  5.3). 
Differences  are  significant  when  p<0.05,  a=;  paired  t  test,  b=unpaired  t  test. 
127 Summer 
(July/August) 
Winter 
(November) 
P  value 
Winter  calvers  1.143  ±  0.092  1.214  0.101  0.60  a 
Summer  calvers  1.50  ±  0.00  1.43  0.071  0.36  a 
P  value  0.0082  b  0.11  b 
Winter  and  summer 
calvers 
1.32  ±  0.066  1.32  ±  0.066  1.00  b 
Table  5.11  Analysis  of  seasonal  differences  in  locomotion  score  in  the  winter  and 
summer  groups.  Values  are  means  ±  s.  e.  (n--see  Figure  5.3),  p<0.05  is  significant, 
aý=paired  t  test,,  b=-unpaired  t  test. 
Mid  Late  2  10  s.  e.  d.  P  value  P  value  P  value 
preg  preg  weeks  weeks  Group  time  gxt 
post-  post- 
partum  parturn 
Wint  1.143  1.214  3.00  2.66 
calvers, 
0.329  0.250  0.001  0.500 
Summ.  1.250  2.214  2.43 
calvers 
Table  5.12  Effect  of  (a)  group,  (b)  time  (reproductive  state)  and  (c)  the  interaction 
of  these  factors  (g  x  t)  on  locomotion  score  in  the  winter  and  summer  calvers. 
Results  were  analysed  by  analysis  of  variance.  Values  are  means  (n=see  Figure  5.3), 
s.  e.  d.  =standard  error  of  difference,  p<0.05  is  significant. 
128 2  weeks  post- 
partum 
10  weeks  post- 
partum 
P  value 
Winter  calvers  245  149  2076  ±363  0.0018  a 
Summer  calvers  116.80  34.00  447  ±  185  0.10  a 
P  value  0.44  b  0.0053  b 
Winter  and  summer 
calvers 
180.77  ±  76.00  1199.14  ±  299.00  0.0058  b 
Table  5.13  Area  lesion  score  in  the  winter  and  summer  calvers.  Analysis  of 
changes  between  2  and  10  weeks  post-partum.  Values  are  means  ±  s.  e.  (n=see  Figure 
5.4).  Differences  are  significant  when  p<0.05,  a--paired  t  test,  b=unpaired  t  test. 
2  weeks  pre-partum  Mean  post-parturn  P  value 
Winter  calvers  38.50  ±  6.90  1125  ±  391  0.014  a 
Summer  calvers  91.00  ±  68  254.20  ±  85.90  0.0156  c 
P  value  0.47  b  0.046  d 
Winter  and  summer 
calvers 
66.99  ±  36.00  689.47  ±  227.00  0.018  b 
Table  5.14  Analysis  of  changes  in  area  lesion  score  around  parturition  in  the  winter 
and  summer  groups.  Values  are  means  ±  s.  e.  (n--see  Figure  5.4).  Differences  are 
significant  when  p<0.05,  a=paired  t  test,  b=unpaired  t  test  on  absolute  data,  c=non- 
parametric  test,  d=unpaired  t  test  on  log  transformed  data. 
129 Summer 
(July/August) 
Winter 
(November) 
P  value 
Winter  calvers,  10.91  ±  2.10  38.50  ±  6.90  0.039  a 
Summer  calvers  47.70  ±  8.20  10.93  ±  0.00  n.  d. 
P  value  0.0048  b  n.  d. 
Winter  and  summer 
calvers 
32.38  ±  7.20  34.55  ±  7.10  0.83  b 
Table  5.15  Analysis  of  seasonal  differences  in  area  lesion  score  in  the  winter  and 
summer  calvers.  Values  are  means  ±  s.  e.  (n--see  Figure  5.4),  p<0.05  is  significant, 
a=paired  t  test,  b=unpaired  t  test,  n.  d.  =not  determined. 
Mid  Late  2  10  s.  e.  d.  P  value  P  value  P  value 
preg  preg  weeks  weeks  Group  time  gxt 
post-  post- 
partum  parturn 
Wint  1.105  1.231  1.301  1.464 
calvers 
0.0355  0.500  0.001  0.001 
Summ  1.264  1.138  1.292  1.368 
calvers 
Table  5.16  Effect  of  (a)  group,  (b)  time  (reproductive  state)  and  (c)  the  interaction 
of  these  factors  (g  x  t)  on  area  lesion  score  in  the  winter  and  summer  calvers. 
Results  were  analysed  by  analysis  of  variance  on  the  log  transformed  data.  Values 
are  means  (n=see  Fig  5.4),  s.  e.  d.  =standard  error  of  difference,  p<0.05  is  significant. 
130 2  weeks  pre-partum  Mean  post-partum  P  value 
Winter  calvers  18.90  ±  8.80  158.00  62.00  0.0156  c 
Summer  calvers  17.80  ±  8.70  88.70  24.10  0.0070  a 
P  value  0.93  b  0.33  b 
Winter  and  summer 
calvers 
18.39  ±  5.90  123.46  ±  33.00  0.0085  b 
Table  5.17  Linear  lesion  score  in  the  winter  and  summer  calvers.  Analysis  of 
changes  around  parturition.  Values  are  means  ±  s.  e.  (n--see  Figure  5.5).  Differences 
are  significant  when  p<0.05,  a=paired  t  test,,  b=unpaired  t  test,  c=non-parametric  test. 
Summer 
(July/August) 
Winter 
(November) 
P  value 
Winter  calvers,  24.50  ±  13.00  18.90  ±  8,80  0.51  a 
Summer  calvers,  80.90  ±  25.00  18.90  ±  6.80  0.033  a 
P  value  0.0156  c  0.99  b 
Winter  and  summer 
calvers, 
52.72  ±  16.00  18.89  ±  5.30  0.020  c 
Table  5.18  Analysis  of  seasonal  differences  in  linear  lesion  score  in  the  Winter  and 
summer  groups.  Values  are  means  ±  s.  e.  (n=see  Figure  5.5),  p<0.05  is  significant, 
a=paired  t  test,  b=unpaired  t  test,  c=non-parametric  test. 
131 Mid  Late  2  10  s.  e.  d.  P  value  P  value  P  value 
preg  preg  weeks  weeks  group  time  gxt 
post-  post- 
parturn  parturn 
Wint  1.236  1.598  1.515  2.269 
calvers 
0.243  0.500  0.005  0.050 
Summ  1.901  1.040  2.046  2.053 
calvers 
Table  5.19  Effect  of  (a)  group,  (b)  time  (reproductive  state)  and  (c)  the  interaction 
of  these  factors  (g  x  t)  on  linear  lesion  score  in  the  winter  and  summer  calvers. 
Results  were  analysed  by  analysis  of  variance  on  the  log  transformed  data.  Values 
are  means  (n=see  Fig  5.5),  s.  e.  d.  =standard  error  of  difference,  p<0.05  is  significant. 
2  weeks  pre-partum  Mean  post-partum  P  value 
Winter  calvers  3.16  ±  0.43  3.581  ±  0.563  0.58  a 
Summer  calvers  3.83  ±  0.18  6.034  ±  0.383  0.0010  a 
P  value  0.19  b  0.0048  b 
Winter  and  summer 
calvers 
3.49  ±  0.24  4.81  ±  0.47  0.023  b 
Table  5.20  Growth  in  the  winter  and  summer  calvers.  Analysis  of  changes  around 
partuntion.  Values  are  means  ±  s.  e.  (n-see  Figure  5.8).  Differences  are  significant 
when  p<0.05,  a=paired  t  test,  b=unpaired  t  test. 
132 Mid  Late  2  10  s.  e.  d.  P  value  P  value  P  value 
preg  preg  weeks  weeks  group  time  gxt 
post-  post- 
partum  partum. 
Wint  3.157  3.900  4.300 
calvers 
1.012  0.100  0.050  0.950 
Summ  3.600  3.829  5.071  5.143 
calvers 
Table  5.21  Effect  of  (a)  group,  (b)  time  (reproductive  state)  and  (c)  the  interaction 
of  these  factors  (g  x  t)  on  growth  in  the  winter  and  summer  calvers.  Results  were 
analysed  by  analysis  of  variance.  Values  are  means  (n--see  Figure  5.8), 
s.  e.  d.  -standard  error  of  difference,  p<0.05  is  significanat. 
2  weeks  pre-partum  2  weeks  post- 
partum 
P  value 
Winter  calvers  2.471  ±  0.32  8.57  ±  0.81  0.0001  a 
Summer  calvers  3.214  ±  0.30  9.61  ±  0.71  0.0002  a 
P  value  0.12  b  0.36  b 
Winter  and  summer 
calvers 
2.84  ±  0.23  9.09  ±  0.54  0.0000  b 
Table  5.22  Wear  in  the  winter  and  summer  calving  heifers.  Analysis  ot-  changes 
between  2  weeks  pre-partum.  and  2  weeks  post-parturn.  Values  are  means  ± 
s.  e.  (n=see  Figure  5.9).  Differences  are  significant  when  p<0.05,  a=paired  t  test, 
b=unpaired  t  test. 
133 2  weeks  post- 
partum 
10  weeks  post- 
partum. 
P  value 
Winter  calvers  8.57  ±  0.81  3.45  ±  0.55  0.024  d 
Summer  calvers,  9.61  ±  0.71  6.29  ±  0.52  0.0075  a 
P  value  0.36  b  0.034  b 
Winter  and  summer 
calvers 
9.09  ±  0.54  5.66  ±  0.59  0.0004  b 
Table  5.23  Analysis  of  changes  in  wear  between  2  and  10  weeks  post-partm  in  the 
winter  and  summer  groups.  Values  are  means  ±  s.  e.  (n--see  Figure  5.9),  p<0.05  is 
significant,  a--paired  t  test,  b=unpaired  t  test  on  absolute  data,  d=unpaired  t  test  on 
log  transformed  data. 
Mid  Late  2  10  s.  e.  d.  P  value  P  value  P  value 
preg  preg  weeks  weeks  group  Time  gxt 
post-  post- 
partum  partum 
Wint  2.471  8.571  3.450 
calvers 
0.973  0.50  0.001  0.50 
Summ  3.057  3,214  9.614  6.286 
calvers 
Table  5.24  Effect  of  (a)  group,  (b)  time  (reproductive  state)  and  (c)  the  interaction 
of  these  factors  (g  x  t)  on  wear  in  the  winter  and  summer  calvers.  Results  were 
analysed  by  analysis  of  variance.  Values  are  means  (n==see  Figure  5.9), 
s.  e.  d.  =standard  error  of  difference,  p<0.05  is  significant. 
134 Summer 
(July/August) 
Winter 
(November) 
P  value 
Winter  calvers  85.05  ±  0.59  82.80  ±  0.58  0.016  a 
Summer  calvers  85.23  ±  0.62  83.68  ±  0.77  0.05  c 
P  value  0.84  b  0.38  b 
Winter  and  summer 
calvers 
85.14  ±  0.41  83.24  ±  0.48  0.0057  b 
Table  5.25  Hardness  in  the  winter  and  summer  calvers.  Analysis  of  seasonal 
differences.  Values  are  means  ±  s.  e.  (ri--see  Figure  5.10).  Differences  are  significant 
when  p<0.05,  a=paired  t  test,  b=unpaired  t  test,  c=non-parametric  test. 
Mid  Late  2  10  s.  e.  d.  P  value  P  value  P  value 
preg  preg  weeks  weeks  group  time  gxt 
post-  post- 
partum  parturn 
Wint  85.05  82.80  81.85  83.88 
calvers, 
2.531  0.100  0.500  0.100 
Summ  79.37  81.77  82.57  79.93 
calvers 
Table  5.26  Effect  of  (a)  group,  (b)  time  (reproductive  state)  and  (c)  the  interaction 
of  these  factors  (gxt)  on  hardness  in  the  winter  and  summer  calvers.  Results  were 
analysed  by  analysis  of  variance.  Values  are  means  (n=see  Figure  5.10), 
s.  e.  d.  =standard  error  of  difference,  p<0.05  is  significant. 
135 Summer 
(July/August) 
Winter 
(November) 
P  value 
Winter  calvers  44.50  ±  1.70  47.00  ±  1.30  0.48  a 
Summer  calvers  44.17  ±  2.40  53.67  ±  1.40  0.048  a 
P  value  0.91  b  0.0051  b 
Winter  and  summer 
calvers 
44.30  ±  1.50  50.08  ±  1.30  0.0093  b 
Table  5.27  Angle  of  the  outer  claw  in  the  winter  and  summer  calving  heifers. 
Analysis  of  seasonal  differences.  Values  are  means  ±  s.  e.  (n=see  Figure  5.11), 
1  icant,  a--paired  t  test,  b=unpaired  t  test.  p<0.05  is  sipif 
mid  Late  2  10  s.  e.  d.  P  value  P  value  P  value 
preg  preg  weeks  weeks  group  time  gxt 
post-  post- 
partum  parturn 
Wint  44.50  47.00  48.50  48.75 
calvers 
1.670  0.05  0.75  0.25 
Summ.  50.20  50.14  47.71  49.86 
calvers, 
Table  5.28  Effect  of  (a)  group,  (b)  time  (reproductive  state)  and  (c)  the  interaction 
of  these  factors  (gxt)  on  angle  of  the  outer  claw  in  the  winter  and  summer  calvers. 
Results  were  analysed  by  analysis  of  variance.  Values  are  means  (n=see  Figure 
5.11),  s.  e.  d.  =stand&rd  error  of  difference,  p<0.05  is  significant. 
136 Mid  Late  2  10  s.  e.  d.  P  value  P  value  P  value 
pg preg  preg  weeks  weeks  group  time  gxt 
post-  post- 
partum  partum 
Wint  42.00  42.86  46.00  45.00 
calvers 
1.706  0.025  0.500  0.500 
Summ  46.40  45.29  46.71  45.29 
calvers 
Table  5.29  Effect  of  (a)  group,  (b)  time  (reproductive  state)  and  (c)  the  interaction 
of  these  factors  (gxt)  on  angle  of  the  inner  claw  in  the  winter  and  summer  calvers. 
Results  were  analysed  by  analysis  of  variance.  Values  are  means  (n--see  Figure 
5.12),  s.  e.  d.  =standard  error  of  difference,  p<0.05  is  significant. 
2  weeks  pre-partum  2  weeks  post- 
partum 
P  value 
Winter  calvers  83.71  ±  0.97  78.00  ±  1.20  0.0000  a 
Summer  calvers  78.57  ±  0.75  71.83  ±  1.70  0.0012  a 
P  value  0,0015  b  0.015  b 
Winter  and  summer 
calvers 
81.14  ±  0.92  75.15  ±  1.30  0.0012  b 
winter  and  summer  calving  heifers.  Table  5.30  Length  of  the  outer  claw  in  the  iI 
Analysis  of  changes  between  late  pregnancy  and  two  weeks  post-partum.  Values  are 
means  ±  s.  e.  (n=see  Figure  5.13),  p<0.05  is  significant,  a=paired  t  test,  b=unpaired  t 
test. 
137 Mid  Late  2  10  s.  e.  d.  P  value  P  value  P  value 
preg  preg  weeks  weeks  group  time  gxt 
post-  post- 
partum  partum. 
Wint  80.86  83.71  78.00  76.75 
calvers 
4.804  0.010  0.025  0.500 
Summ  77.57  78.57  62.71  73.86 
calvers 
Table  5.31  Effect  of  (a)  group,  (b)  time  (reproductive  state)  and  (c)  the  interaction 
of  these  factors  (gxt)  on  length  of  the  outer  claw  in  the  winter  and  summer  calvers. 
Results  were  analysed  by  analysis  of  variance.  Values  are  means  (n--see  Figure 
5.13),  s.  e.  d.  =standard  error  of  difference,  p<0.05  is  significant. 
2  weeks  pre-partum  Mean  post-partum  P  value 
Winter  calvers  82.83  ±  1.50  80.20  ±  1.88  0.43  a 
Summer  calvers  76.71  ±  0.68  72.81  ±  1.36  0.019  a 
P  value  0.011  b  0.015  b 
Winter  and  summer 
calvers 
79.54  ±  1.20  75.89  ±  1.50  0.026  c 
Table  5.32  Length  of  the  inner  claw  in  the  winter  and  summer  calving  heifers. 
Analysis  of  changes  around  parturition.  Values  are  means  ±  s.  e.  (11--see  Figure  5.14), 
p<0.05  is  sigmficant,  a=paired  t  test,  b=unpaired  t  test,  c=non-parametric  test. 
138 mid  Late  2  10  s.  e.  d.  P  value  P  value  P  value 
preg  preg  weeks  weeks  group  time  gxt 
post-  post- 
partum  parturn 
Wint  76.29  82.83  78.50  83.00 
calvers 
2.978  0.001  0.250  0.250 
Summ.  76.00  76.71  72.14  72.86 
calvers 
Table  5.33  Effect  of  (a)  group,  (b)  time  (reproductive  state)  and  (c)  the  interaction 
of  these  factors  (gxt)  on  length  of  the  inner  claw  in  the  winter  and  summer  calvers. 
Results  were  analysed  by  analysis  of  variance.  Values  are  means  (n=see  Figure 
5.14),  s.  e.  d.  =standard  error  of  difference,  p<0.05  is  significant. 
139 5.4  DISCUSSION 
Changes  in  cell  proliferation  and  protein  synthesis  during  the  course  of  the 
experiment  were  clearly  related  to  the  time  of  year.  The  epidermal  cells  of  the  claw 
were  actively  proliferating  and  keratinising  during  the  summer  months  but  were 
quiescent  in  the  winter.  A  low  rate  of  proliferation  in  winter  would  result  in  a  smaller 
population  of  keratinocytes  to  synthesise  and  deposit  keratin  and  reduced  protein 
synthesis  would  also  have  a  direct  effect  on  hom  production. 
Seasonal  factors  appear,  therefore,  to  be  important  in  regulating  or  influencing 
epidermal  keratinisation  of  the  hoof  and  this  could  partly  explain  the  increased  cases 
of  laminitis  which  occur  in  winter.  Previous  studies  have  usually  attributed  the  winter 
increase  to  housing  and  changes  in  diet  (Vennunt  and  Greenough,  1996a).  However, 
changes  in  management  cannot  be  wholly  responsible  because  studies  in  New  Zealand 
have  also  found  a  pronounced  seasonal  incidence  of  laminitis  in  herds  which  were 
maintained  on  pasture  all  year  round  (Dewes,  1978;  Harris  et  al.,  1988;  Chesterton  et 
al.,  1989;  Tranter  and  Morris,  1991). 
There  was  no  significant  effect  of  season  on  locomotion  score,  however,  lesion 
scores  were  affected  by  time  of  year.  Area  lesions  in  the  winter  calvers  were  higher 
(worse)  during  November  than  in  July.  Conversely,  linear  lesions  in  the  summer  calvers 
were  greater  (worse)  in  August  than  in  November.  Significant  seasonal  variations  in 
numbers  of  lesions  have  also  been  found  in  other  studies.  Winter  and,  to  a  lesser  extent, 
summer  have  both  been  associated  with  lameness,  however,  the  types  of  lesions  have 
differed.  The  findings  of  Huang  et  aL  (1995)  agree  with  the  results  of  this  study.  They 
found  that  sole  ulcers  and  heel  erosion  were  most  common  in  November  and  that  white 
line  separation  was  highest  in  July.  Eddy  and  Scott  (1980)  and  Baggott  and  Russell 
(1981),  however,  found  that  sole  ulcers  were  most  common  in  spring  and  that  white  line 
140 separation  and  abscess  were  most  common  during  the  autumn  and  winter  months.  A 
seasonal  'carry  over'  effect  must  also  be  considered  since  some  lesions  such  as  sole 
ulcers  develop  slowly  over  several  months.  Indeed,  changes  in  the  ultrastructure  Of  the 
claw  horn  may  not  result  in  lesions  until  several  months  later  (Rowlands  et  aL,  1985). 
In  this  study,  the  winter  decrease  in  linear  lesions  in  the  summer  calvers,  may  have  been 
related  to  the  high  levels  of  cell  proliferation  and  protein  synthesis  in  this  group  the 
previous  summer  i.  e.,  increased  synthesis  of  good  quality  horn  would  replace  that 
damaged  by  lesions  and  help  to  prevent  the  development  of  more  horn  problems. 
Furthermore,  the  spring  increase  in  linear  lesions  In  this  group  may  also  have  been 
related  to  cell  function,,  which  had  decreased  dramatically  the  previous  winter. 
It  must  be  considered,  however,  that  the  biopsy  procedure  itself  could  have 
influenced  claw  measurements,  including  lesion  scores,.  since  it  most  likely  caused 
considerable  trauma  to  the  claw  tissues.  Also,  some  of  the  biopsy  sites  became  quite 
badly  infected.  Cellular  measurements  may  also  have  been  affected  if  keratinisation 
was  altered  in  order  to  replace  or  repair  damaged  areas.  However,  taking  this  into 
consideration  there  still  appears  to  be  a  very  strong  seasonal  effect  on  the  claw. 
Likely  factors  which  could  mediate  this  seasonal  effect  could  be  environmental 
temperature  and/or  photoperiod.  Some  authors  have  suggested  that  environmental 
temperature  can  have  important  physical  effects  on  the  claw.  Rowlands  et  aL  (1985) 
found  that  leg  lameness  was  most  common  in  January  1977,  which  the  Met  Office 
reported  as  a  particularly  cold  month,  and  they  suggested  that  some  cases  may  have 
resulted  from  cows  slipping  on  icy  surfaces.  Huang  el  aL  (1995)  suggested  that  high 
temperatures  in  July  could  cause  white  line  separation  and  that  wet  conditions  of  March 
could  have  been  the  main  cause  of  interdigital  dermatitis.  A  cold  November  with 
periodic  frozen  Paddocks  was,  they  suggested,  associated  with  the  development  of  sole 
141 ulcers.  However,  it  is  likely  that  the  pathogenesis  of  lesions  is  considerably  more 
complex  and  related  to  biological  events  in  the  claw  tissues.  Vermunt  (1990,1991) 
suggested  that  vaso-constriction  of  the  peripheral  dermal  micro-circulation  of  the  digit 
at  times  of  low  envirom-nental  temperatures,  may  explain  the  high  incidence  of  laminitis 
in  dairy  heifers  housed  outside  during  the  winter.  Disturbed  haemodynamics  could 
result  in  tissue  hypoxia  and  nutrient  starvation  followed  by  damage  to  the  keratin 
producing  cells  of  the  epidermis.  It  could  also  be  that  during  the  winter  months  animals 
require  extra  nutrients  elsewhere  in  the  body,  for  seasonal  increases  in  hair  growth  for 
example,  and  so  cellular  processes  in  the  hoof  are  down-regulated. 
In  this  study  it  was  not  possible  to  deten-nine  the  effects  of  time  of  year  on  claw 
growth  and  wear  as  there  was  insufficient  data.  However,  other  studies  have  looked  for 
seasonal  differences.  Adams  (1974)  found  that  the  hoof  wall  of  horses  grows  slower 
in  winter  than  in  summer,  Hahn  et  aL  (1986)  observed  that  the  rates  of  hoof  growth  and 
wear  in  Holstein  cattle  were  lowest  during  winter  and  highest  during  spring  and 
summer.  Simon  and  Leeman  (1965),  however,  measured  the  hoof  growth  of  Brown 
Swiss  and  Simmental  cattle  during  six  months  and  found  no  seasonal  effect.  Similarly, 
Logue  et  aL  (1993)  did  not  find  a  marked  seasonal  variation  in  hoof  growth  and  wear 
in  cattle  and  they  attributed  this  to  the  relatively  small  variation  in  temperature  in  south- 
west  Scotland  where  the  study  was  conducted.  Bean  (1963)  found  no  seasonal  effect 
on  the  growth  of  his  nails  over  20  years.  Many  more  authors  have  reported  seasonal 
effects  on  the  growth  of  hair.  Kassab  and  Stegenga  (1965)  found  that  hair  weight  and 
length  in  Dutch  cattle  was  heavier  and  longer  in  autumn  and  winter  than  in  spring  and 
summer.  Berman  and  Volcani  (1961)  measured  the  monthly  weight  of  hair  for  Holstein 
cattle  in  Israel  and  found  that  there  was  an  increase  in  hair  weight  during  the  winter 
months.  Dowling  and  Nay  (1960)  reported  a  seasonal  effect  on  hair  length  of  Zebu 
142 breeds  in  Australia  and  despite  the  location  in  the  southern  hemisphere,  the  seasonal 
effect  was  similar  with  hair  being  longer  during  the  winter  months.  The  marked 
changes  in  cell  biology  in  this  study  suggest  that  season  would  have  an  effect  on  the 
rates  of  claw  growth  and  wear,  however,  more  data  is  required  to  confirm  this. 
Claw  hardness  was  also  significantly  affected  by  season.  Claws  were  harder  in 
the  summer  than  in  winter  in  both  groups.  The  greater  number  of  area  lesions  during 
November  in  the  winter  calvers  could  be  related  to  the  softer  quality  horn  at  this  time 
of  year.  Interestingly,  cell  proliferation  and  protein  synthesis  were  also  highest  during 
the  summer  months.  However,  it  is  most  likely  that  such  cellular  changes  would  not 
result  in  changes  in  claw  hardness  for  several  weeks  if  not  months.  Indeed,  previous 
studies  have  generally  regarded  moisture  in  the  environment  to  be  the  most  important 
factor  in  influencing  claw  hardness  and  not  the  underlying  tissues  (Hahn  el  al.,  1978; 
Lambert,  1966).  Seasonal  changes  in  environmental  moisture  could,  therefore,  have 
important  effects  on  claw  health.  Eddy  and  Scott  (1980)  found  that  the  monthly  number 
of  lame  cows  appeared  to  be  related  to  the  rainfall  of  the  same  or  previous  month. 
Another  study  of  lameness  in  Ireland  (Arkins,  1981),  also  associated  laminitis  with 
rainfall.  It  is  possible  that  excessive  amounts  of  moisture  in  the  surrounding 
environment  softens  horn  which  was  of  poor  structural  quality  to  begin  with.  On  the 
other  hand,  associations  between  rainfall  and  lameness  could  be  entirely  unrelated  to 
biological  processes  and  simply  be  an  environmental  consequence  of  slippery  surfaces. 
There  is  also  the  possibility  that  rainfall  will  effect  the  growth  of  grass  and  in  Europe, 
lush  gTowing  gTasses,  particularly  young  rye  grass  pasture  with  its  high  protein  and 
metabolisable  energy  content,  have  been  considered  important  in  the  pathogenesis  of 
laminitis  (Nilsson,  1963;  Maclean,  1965). 
Photoperiod  could  also  be  an  important  seasonal  variant  which  influences  the 
143 hoof  but  no  studies  have  as  yet  been  carried  out  to  look  at  its  effects  on  horn  production. 
Nevertheless',  some  studies  have  been  carried  out  to  look  at  its  effects  on  hair  growth. 
Peters  et  al.  (1976),  designed  an  experiment  to  determine  the  effects  of  photo-period  on 
hair  length  and  body  growth  in  Holstein  heifers.  They  found  that  heifers  exposed  to  an 
artificial  summer  daylength  had  a  significantly  greater  body  growth  rate  and  shorter  hair 
than  those  in  winter  daylight.  Yeates  (1955),  also  found  that  photoperiod  can  regulate 
or  influence  seasonal  coat  character  in  Poll  Shorthorn  cattle.  In  summer  daylengths, 
hair  was  shed  and  in  winter  daylengths  hair  grew  in  length  and  these  changes  occurred 
irrespective  of  seasonal  temperature.  Photoperiod  could,  therefore,  be  an  important 
regulator  of  horn  formation  and  the  Hannah  has  recently  begun  an  experiment  to  look 
at  the  effects  of  changing  daylengths,  on  the  bovine  hoof. 
Seasonal  factors  appear,  therefore,  to  be  potential  regulators  of  epidermal 
keratinisation  but  exactly  how  they  exert  effects  on  the  keratinocytes  of  the  hoof  is  not 
fully  understood.  Previous  work  has  suggested  that  endocrine  and  growth  factors  may 
be  important  (Hendry  et  aL,  1999).  Changes  in  the  concentrations  of  seasonally 
governed  hormones,  such  as  prolactin  and  melatonin,  may  influence  the  rates  of  cell 
proliferation  and  keratin  synthesis.  However,  there  is  as  yet  only  very  limited  evidence 
to  implicate  any  hormone  in  the  physiological  regulation  of  hoof  keratinisation. 
Prolactin  concentrations  in  sera  are  highest  during  the  summer  and  lowest  during  the 
winter  in  cattle,  goats  and  sheep  (Cowie  et  aL,  1980).  Both  photoperiod  and 
temperature  govern  the  levels  of  circulating  prolactin  (Peters  and  Tucker,  1978). 
Girolomoni  (1993),  found  that  physiological  concentrations  of  prolactin  markedly 
stimulated  proliferation  of  new-born  foreskin  keratinocytes  in  vitro.  The  results  from 
this  study  agree  with  this  finding  because  cell  proliferation  was  highest  during  the 
summer  months  when  prolactin  levels  would  also  have  been  greatest.  There  is  also 
144 some  evidence  that  prolactin  may  have  an  indirect  effect  on  cellular  activity  by 
influencing  the  actions  of  other  hormones  or  growth  factors.  Fenton  and  Sheffield 
(1993),  found  that  EGF-dependent  cell  differentiation  in  the  mammary  gland  was 
inhibited  by  high  systemic  prolactin  concentrations  during  lactation.  Hendry  et  aL 
(1999),  found  that  although  prolactin  itself  did  not  have  a  significant  effect  on  protein 
synthesis  or  cell  proliferation  in  bovine  claw  tissue  explants,  there  was  some  evidence 
that  it  antagonised  EGF-stimulated  protein  synthesis. 
Melatonin  concentrations  in  sera  also  vary  seasonally,  being  lower  overall  in 
summer  long-days  and  higher  in  winter  short-days.  Both  photoperiod  and 
environmental  temperature  regulate  production  (Arendt,  1986,1994).  No  work  has 
been  carried  out  to  look  at  the  effects  of  melatonin  on  the  biology  of  the  claw,  however, 
the  seasonal  pattern  in  the  results  from  this  study  suggest  that  it  could  be  very  important. 
Changes  in  cell  proliferation  and  protein  synthesis  were  also  clearly  related  to 
reproductive  state.  Many  of  these  changes  occurred  around  parturition.  In  the  winter 
calvers,  cell  proliferation  increased  slightly  after  calving,  however 
,  in  the  summer 
calvers,  it  decreased  dramatically.  Protein  synthesis  rose  following  parturition  in  the 
winter  group  but  did  not  change  significantly  in  the  summer  group.  These  differences 
between  the  two  groups  suggest  that  calving  in  winter  has  different  effects  on  the  claw 
tissues  than  calving  during  summer. 
In  this  study  we  found  some  evidence  that  starting  lactation  had  an  effect  on 
locomotion  score.  In  both  groups,  and  especially  the  winter  calvers,  locomotion  score 
was  higher  (worse)  after  calving  and  remained  high  during  lactation.  This  agrees  with 
previous  studies  in  which  locomotion  score  also  increased  markedly  at  the  onset  of 
lactation  (Logue  et  al.,  1993).  The  post-partum  increase  has  usually  been  associated 
with  changes  in  environment  and  diet  related  to  calving,  but  in  this  study  locomotion 
145 score  also  increased  in  the  summer  calvers  who  had  been  grazed  throughout  the 
experiment.  This  suggests  that  physiological  changes  related  to  calving  have  an 
important  effect  on  claw  health.  However,  again  it  must  considered  that  the  biopsy 
procedure  itself  may  have  caused  an  increase  in  locomotion  score  since  it  most  likely 
caused  pain  and  discomfort  in  the  sampled  claw.  Also 
,  it  is  very  likely  that  the  changes 
in  management  in  the  winter  calving  group  was  responsible  for  the  increase  in 
locomotion  score  as  much  as  the  actual  physiological  effects  of  calving  itself 
Area  and  linear  lesion  scores  were  higher  after  calving  and  increased  during 
lactation  in  both  groups.  The  increase  was  particularly  marked  in  the  winter  calvers, 
the  group  in  which  many  animals  had  become  severely  lame.  Many  other  studies,, 
including  some  of  mainly  grazing  herds,  have  also  found  a  substantial  increase  in  the 
number  and  severity  of  lesions  during  lactation  (Rowlands  et  aL,  1985;  Eddy  and  Scott, 
1980;  Dewes,  1978).  The  majority  have  reported  the  highest  prevalence  of  claw 
problems  to  occur  between  the  second  and  third  month  of  lactation  (Rowlands  et  al., 
1985;  Smits  et  aL,  1992;  Eddy  and  Scott,  1980).  The  results  from  this  study  would 
appear  to  agree  with  these  findings  because  maximum  lesion  scores  were  recorded  at 
10  weeks  post-partum,  but  the  animals  were  not  followed  any  ftirther  into  lactation. 
Logue  et  aL  (1993),  found  that  lesion  severity  scores  were  not  highest  until  100  days 
after  calving  and  Huang  et  aL  (1995),  observed  that  sole  ulcers  did  not  peak  until  five 
months  after  calving.  However,  the  high  incidence  of  lesions  in  early  lactation  are  the 
result  of  insult  to  and  changes  in  the  claw  horn  several  months  previously.  Rowlands 
et  aL  (1985),  reported  that  although  lesions  may  begin  to  develop  around  calving,  it  can 
take  three  or  four  months  for  a  discontinuity  in  solear  horn  to  reach  the  surface. 
Kempson  and  Logue  (I  993b),  suggested  that  the  high  incidence  of  lameness  in  early 
lactation  may  stem  from  earlier,  predisposing  biochemical  events,  but  be  precipitated 
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In  this  investigation,  the  changes  in  cell  biology  during  gestation  may  have  affected 
hoof  keratinisation  and  predisposed  the  animals  to  the  development  of  lesions  which 
were  not  visible  until  lactation.  The  increase  in  lesion  scores  in  the  summer  calvers 
later  in  lactation  may,  perhaps,  have  been  related  to  the  marked  decrease  in  cell 
proliferation  in  this  group  immediately  after  calving.  However,  in  the  winter  calvers 
the  increase  in  lesion  scores  may  have  been  the  result  of  poor  management  rather  than 
of  reproductive  state.  Indeed,  these  animals  became  so  severely  lame  after  calving  that 
the  majority  had  to  be  slaughtered. 
Lesions  give  some  information  on  how  the  general  claw  health  of  a  cow  changes 
over  an  extended  period  of  time.  They  are  not,  however,  a  good  indicator  of  impending 
lameness  because  they  occur  so  late  in  the  pathogenesis  of  the  condition.  Also,  by  the 
time  lesions  start  to  appear  it  is  too  late  to  remove  or  eliminate  the  factors  which  caused 
insult  to  the  claw  in  the  first  place.  Any  preventative  strategies  would,  therefore,  be 
best  used  at  a  time  when  most  benefit  would  be  likely  to  result,  i.  e.  during  pregnancy,, 
since  propensity  to  lesion  development  appears  to  be  already  established  during 
lactation. 
Parturition  and/or  the  onset  of  lactation  could,  therefore,  exert  a  physiological 
influence  which  affects  the  cell  biology  of  the  claw.  This  could  be  mediated 
hormonally  or  be  associated  with  the  division  of  nutrients  at  this  time.  Godwin  (1962), 
suggested  that  competition  for  nutrients  can  affect  claw  growth  and  wear,  since  proper 
keratinisation  requires  a  high  protein  level  in  the  diet.  Dietz  and  Koch  (1972),  found 
that  high  producing  cows  had  the  lowest  rate  of  hoof  growth  among  several  groups, 
including  a  class  of  cows  with  average  production.  They,  therefore,  concluded  that  milk 
synthesis  in  a  high-producing  cow  competes  for  protein  components  With  the  horn- 
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requirements  for  nutrients  are  approximately  three  times  that  of  the  whole  of  the  rest 
of  the  body  (Flatt  et  aL,  1969).  Following  parturition  there  is,  therefore,  a  major 
homeorhetic  repartitioning  of  nutrients  towards  the  mammary  gland  (Bauman  and 
Currie,,  1980)  and  non-essential  biological  processes,  such  as  reproduction,  become 
down-regulated  (Webb  et  aL,  1999).  Masters  et  aL  (1993)  found  that  keratinisation  in 
the  form  of  wool  fibre  diameter,  tensile  strength  and  sulphur  content  are  all  depressed 
during  pregnancy  and  lactation.  Competition  for  nutrients  between  wool  follicles, 
maternal  tissues  and  the  foetus  may  have  caused  these  changes.  The  authors  suggested 
that  a  lack  of  the  amino-acids,,  arginine,  lysine  or  threonine  may  have  limited  wool 
growth  and  protein  deposition  in  late  pregnancy. 
Maclean  (1971)  reported  a  considerable  reduction  in  the  proportion  of  cysteme, 
methionine  and  lysine  in  the  claw  hom  of  cows  affected  by  larninitis.  Indeed,  it  has 
been  suggested  that  an  inadequate  supply  of  sulphur  containing  amino-acids  disrupts 
keratinisation  in  the  hoof  (Ossent  et  al.,  1997).  Furthermore,  sulphur  amino-acid 
concentrations  in  common  feed  supplements  are  known  to  be  relatively  low  (Galbraith, 
1995).  Studies  using  an  in  vitro  hair  explant  system  have  established  that  methionine 
although  not  cysteine  is  essential  for  growth  of  epidennally-derived  cornified  hair  shaft, 
although  maximum  growth  required  the  presence  of  cysteine  also  (SoUn  et  al.,  1996, 
1998b).  Recent  studies  have  also  demonstrated  that  supplementation  of  goats  with 
rumen-undegradable  intestinally  available  methionine  stimulated  hair  growth  and 
growth  of  hoof  wall  hom  (Souri  et  al.,  1998a). 
The  results  of  this  study  suggest  that  the  hoof  tissues  are  capable  of  respondmg 
in  a  particular  way  to  different  physiological  events.  Parturition  affected  cell 
proliferation  and  protein  synthesis  in  both  the  winter  and  summer  calvers,  but 
148 differently  so  in  the  two  groups.  The  summer  group  calved  when  challenge  (concrete 
flooring,  changes  in  diet,  etc)  was  absent  and  after  cell  proliferation  had  been  very  high 
(summer).  Cell  function  was,  therefore,  not  an  essential  process  and  so  was  down- 
regulated.  The  winter  group,  on  the  other  hand,  calved  during  challenge  and  after  cell 
proliferation  and  protein  synthesis  had  been  very  low  (winter).  An  increase  in  cell 
function  was,  therefore,  essential  in  an  attempt  to  avoid  lameness  and  so  it  was  up- 
regulated.  Lameness,  however,  did  occur  and  this  suggests  that  perhaps  the  effects  of 
the  biopsy  procedure  itself  had  a  great  effect  on  the  tissues. 
Claw  wear  increased  dramatically  after  calving  in  both  groups.  However,  it  is 
likely  that  this  increase  was,  at  least  in  part,  a  result  of  the  greater  frequency  of  claw 
examinations  around  parturition  during  which  some  claw  horn  was  trimmed  off  the 
sole.  If  lesions  were  visible  on  the  surface  of  the  claw,,  extra  horn  was  removed  in  order 
to  aid  healing  and  the  number  of  lesions  had  increased  dramatically  after  calving. 
Changes  in  claw  angle  and  length  were  probably  also  related  to  trimming  of  the  claws 
during  examinations  and  not  to  the  effects  of  calving  itself. 
The  influence  of  reproductive  state  on  the  hoof  tissues  could  also  be  mediated 
by  hormones  and  growth  factors,  since  these  have  been  shown  to  influence 
keratinisation  in  other  epidermal  tissues.  Pregnancy  and  lactogenesis  are  associated 
with  marked  changes  in  the  concentrations  of  a  number  of  hormones,  particularly 
prolactin,  glucocorticoids  and  insulin.  Remarkably,  no  previous  studies  have  examined 
the  responsiveness  of  the  differentiating  hoof  tissue  to  the  hormones  circulating  in  the 
animal  at  a  particular  time.  However,  in  vitro  studies  have  shown  that  bovine  claw 
tissue  explants  do  respond  to  hormones,  including  those  whose  concentrations  are  likely 
to  change  during  pregnancy  and  lactation.  Changes  in  the  systemic  concentrations  of 
these  hormones  may  contribute  to  impaired  keratin  synthesis  and  deposition  (Hendry 
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Prolactin  as  well  as  being  seasonally  regulated,  is  also  a  key  lactogenic  hormone 
in  ruminants  (Cowie  et  aL,  1980).  Prolactin  concentrations  increase  shortly  before 
parturition  and,  in  general,  high  levels  of  prolactin  are  essential  for  full  lactogenesis  to 
occur.  As  described  before,  prolactin  has  been  associated  with  increased  cell 
proliferation  in  new-bom  foreskin  keratinocytes  in  culture  (Girolomom,  1993).  This 
may  explain  why  in  this  study  there  is  a  large  increase  in  proliferation  in  the  summer 
calving  group  just  prior  to  calving,  when  prolactin  levels  would  also  be  elevated. 
Hydrocortisone  has  been  shown  to  stimulate  growth  but  inhibit  differentiation 
of  cultured  human  keratinocytes  (Rheinwald  and  Green,  1975).  Hendry  et  aL  (1999),, 
found  it  had  no  effect  on  cell  proliferation  but  did  decrease  protein  synthesis.  The 
overall  effect  would  appear,  therefore,  to  be  a  decrease  in  the  amount  of  keratinisation. 
Glucocorticoid  concentrations  are  elevated  during  lactation  (Wagner  et  al.,  1972, 
Wagner  and  Oxenreider,  1972)  and  are  highest  in  high  yielding  cattle  (Johnson  and 
Vanjonack,  1976).  Chronic  pain  and  stress  associated  with  lameness  also  result  in 
elevated  corticosterold  levels  in  sheep  (Ley  et  aL,  1994),  although  not  in  cattle  (Ley  et 
aL  , 
1996).  Furthermore,  steroid  treatment  is  reported  to  exacerbate  equine  laminitis 
(Nfilne,  1985).  Therefore,  when  glucocorticoid  levels  are  elevated,  this  could 
compromise  hoof  keratinisation  and  result  in  a  loss  of  epidermal  integrity. 
important  lactogenic  hormone  and  it  decreases  systemically  insulin  is  also  an  'II 
during  early  lactation  (Cowie  et  al.,  1980).  Insulin  at  physiological  concentrations  has 
been  shown  to  stimulate  both  protein  and  DNA  synthesis  in  vitro  (Hendry  et  aL,  1999). 
In  this  study,  the  large  drop  in  cell  proliferation  in  the  summer  calvers  immediately 
post-partum  could  be  explained  by  the  decrease  in  insulin  after  calving.  However,  the 
concentration  of  circulating  honnone  is  not  the  only  factor  to  consider.  Hendry  et  a/. 
150 (1999),  have  demonstrated  the  presence  of  insulin  receptors  in  hoof  tissue  sections  by 
fluorescently  labelled  hormones,  but  the  tissue  may  share  the  insulin  resistance  shown 
during  lactation  by  other  tissues,  including  adipose  tissue  and  skeletal  muscle  (Vernon, 
1988)  and  so  be  unresponsive  to  the  circulating  hormone.  Hormones  associated  with 
lactogenesis  and  galactopo,  esis  may,  theref  ore,  be  of  critical  importance  in  horn 
formation. 
To  conclude,,  time  of  year  and  reproductive  physiology  of  the  animal  appear  to 
have  significant  effects  on  the  hoof  and  differently  so  in  winter  and  summer  calvers. 
CalVing  during  winter  would  seem  to  be  the  greatest  challenge  to  the  hoof,  because  not 
only  do  the  animals  need  to  adjust  to  dramatic  changes  in  environment  and  diet,  but 
hoof  cell  function  would  also  be  reduced  at  this  time.  Restricting  calving  to  the  summer 
months  would,  perhaps,  reduce  herd  susceptibility  to  lameness. 
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CHANGES  IN  THE  BOVINE  CLA  WDURING  THE  ONSET,  DEPELOPMENT 
AND  RECOVER  Y  FROM  WEIGHT-BEAR17VG  CHALLENGE 
AND  THE  EFFECTS  OF  CONCRETE  FLOORING 
6.1  INTRODUCTION 
The  development  of  the  claw  tissue  biopsy  technique  and  tissue  explant  culture 
has  provided  the  first  opportunity  to  study  the  cell  biological  changes  which  take  place 
in  the  claw  during  challenge,  Studies  at  the  FRI,  comparing  clinically  normal  and 
ulcerated  post-mortem  claw  tissue  in  culture  found  that  protein  synthesis  was  higher  in 
the  ulcerated  tissue  (Hendry  et  aL,  1998).  This  tissue  was  obtained  from  solear  ulcers 
which  appeared  to  be  healing,  but  this  was  a  subjective  assessment,  The  authors 
suggested  that  ulceration  stimulates  cell  repair  and  regeneration  of  normal  keratinised 
horn.  The  actual  stage  of  the  lameness  process  could,  therefore,  be  an  important  factor 
to  take  into  consideration  when  studying  the  cell  biological  events  of  hoof  keratin 
synthesis  and  deposition.  This  experiment  was  designed  to  study  biochemical  and 
histopathological  changes  in  the  claw  which  take  place  during  the  onset,  development 
and  recovery  from  weight-bearing  challenge  and  the  effects  of  concrete  flooring,  and 
which  could  affect  the  quality  of  the  hom. 
6.2  MATERULS  AND  METHODS 
6.2.1  Claw  blocks 
Claw  blocks  (Cowslips:  Giltspur  Scientific  Ltd.  )  are  used  in  the  treatment  of 
individual  lame  cows.  They  are  rubberised  shoes,,  manufactured  in  two  shapes  for  right 
and  left  claws  (Plate  6.1).  Fitted  onto  the  healthy  claw  they  elevate  and  take  pressure 
152 off  the  damaged  claw  and  this  relieves  pain  and  accelerates  healing.  They  were  used  in 
this  experiment  to  provide  an  elevated  non-weight-bearing  claw,  which  acted  as  a  non- 
challenged  control  claw.  Claw  blocks  were  attached  as  described  in  Chapter  2.  Animals 
were  checked  daily  during  milking  to  ensure  blocks  were  still  in  place.  Blocks  which 
had  fallen  off  were  replaced  as  soon  as  possible. 
6.2.2  Animals  and  experimental  design 
A  group  of  five  mixed-parity  Holstein-Friesian  cows  were  used  in  this  study. 
The  animals  were  newly  calved  and  had  been  kept  on  grass  for  4  weeks  prior  to  calving, 
which  took  place  between  March  and  May  1997.  As  soon  as  possible  after  calving 
outside,  the  cows  were  transferred  to  indoor  housing  with  concrete  floored  cubicles  and 
a  silage-based  diet,,  supplemented  with  concentrates.  Immediately  on  being  housed,  a 
claw  block  was  attached  to  the  inner  claw  of  one  hind  foot  only.  The  outer  claw  of  this 
foot  was,  therefore,  lifted  off  the  ground  such  that  it  was  no  longer  weight-bearing.  In 
this  way  it  acted  as  a  non-challenged  control  claw.  However,  the  other  hind  foot  had 
no  block  and  the  outer  claw  was  subject  to  weight-bearing  challenge  and  acted  as  a  test 
claw. 
Exactly  five  days  after  being  housed  (post-challenge),  biopsies  were  taken  firom 
the  outer  claw  of  both  hind  claws.  They  were  then  subjected  to  challenge  for  a  further 
ten  days,  after  which  biopsies  were  taken  again,  also  on  the  outer  claw  of  both  hind 
claws.  The  challenge  was  then  removed  so  that  the  cows  could  begin  a  recovery  from 
lameness;  they  were  returned  outside  to  grass  and  a  claw  block  was  placed  on  the 
previously  challenged  hoof  After  a  period  of  four  weeks,  a  final  biopsy  was  taken  from 
both  hind  feet.  The  animals  returned  again  to  grass  for  three  months. 
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Biopsies  were  obtained  as  described  in  Chapter  2,  however,  in  this  experiment 
both  outer  hind  claws  were  sampled.  Five  biopsies  were  taken  from  each  drill  hole  site. 
Four  were  used  for  tissue  culture,,  which  was  carried  out  as  described  in  Chapter  2.  The 
fifth  sample  was  immediately  placed  in  OCT  compound  (Agar  Scientific)  and  plunge 
frozen  in  liquid  nitrogen  and  stored  at  -700C  for  later  histological  processing. 
6.2.4  Claw  examinations 
The  cows  were  examined  four  times  during  the  experiment.  Calving  dates  were 
spread  over  several  weeks  but  the  cows  were  all  examined  together  at  a  time  which  best 
fitted  in  with  the  different  stages  of  the  experiment  relative  to  treatment.  The  first  claw 
examinations  were  carried  out  approximately  two  weeks  before  the  animals  began 
calving.  The  second  set  were  carried  out  during  the  challenge  stage  and  the  third  set 
were  during  the  recovery  stage.  The  cows  were  examined  again  for  the  final  time  three 
months  after  the  recovery  examination.  The  cows  were  examined  as  described  in 
Chapter  2. 
6.2.5  Histology 
'Keratin  distribution  in  the  test  and  control  claws  at  different  stages  of  Imninitic 
challenge  was  examined  in  tissue  cryosections  by  immunofluorescent  microscopy  using 
commercial  monoclonal  antibodies  for  keratins,  5/6,10,16,  integrin  04  and  laminin. 
Sections  were  also  stained  with  Periodic  Acid  Schiff  (PAS)  to  identify  histological 
changes  (Chapter  2).  All  histology  described  in  this  chapter  was  perfornied  by  Dr 
K.  A.  K.  Hendry. 
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Data  obtained  from  claw  examinations  and  biopsies  were  analysed  so  that  mean 
values  were  for  cows  at  the  same  stage  of  the  experiment  relative  to  treatment.  Paired 
and  unpaired  t  tests  and  non-parametric  analyses  (Wilcoxon  signed  rank  test)  were 
performed  using  Minitabl'ý'4  (Release  7.2,  Minitab  Inc.,,  Pennsylvania,  USA).  Results 
for  protein  synthesis,  cell  proliferation  and  lesions  in  the  hind  outer  claws  were  also 
analysed  by  calculation  of  a  test:  control  quotient  (TCQ:  TBxCA/TAxCB,,  where  T  and 
C  are  test  and  control  and  A  and  B  are  successive  biopsies).  A  difference  from  unity 
(paired  t  test)  is  evidence  of  a  significant  change  in  the  test  claw  relative  to  the  control. 
6.3  RESULTS 
6.3.1  Animals 
All  five  animals  had  clinically  normal  claws  at  the  first  claw  examination. 
Calving  was  spread  over  several  weeks;  four  animals  calved  between  18  and  29  March 
but  the  remaining  one  did  not  calve  until  I  May.  This  affected  the  chronology  of  the 
experiment  and  claw  examination  dates  had  to  be  rescheduled,  so  that  the  animals  were 
seen  at  approximately  the  same  stage  of  treatment.  Treatments  and  biopsy  dates, 
however,,  were  scheduled  independently  for  each  individual  anImal,  according  to  its 
calving  date. 
At  the  first  biopsy,  the  claws  were  studied  closely  when  the  animals  were  in  the 
tipping  crush.  In  all  test  hind  feet  there  was  some  redness  and  heat  at  the  coronary 
band,  however,  this  was  a  subjective  assessment  and  there  is  no  photographic  evidence. 
Analysis  of  the  claw  examinations  is  given  later  in  the  chapter. 
The  animals  were  examined  a  second  time  during  challenge.  All  front  feet  were 
clinically  normal,  however,  solear  haemorrhage  was  now  present  in  some  of  the  hind 
155 claws  ,  in  both  tests  and  controls.  At  the  third  biopsy,  some  scar  tissue  was  observed 
around  previous  biopsy  sites,  however 
,  it  was  possible  to  obtain  sufficient  amounts  of 
tissue. 
By  the  third  claw  examinations,  some  biopsy  sites  were  now  far  enough  down 
the  claw  wall  to  be  trimmed  out  using  a  hoof  knife.  Solear  haemorrhage  had  increased 
in  all  the  hind  claws  and  particularly  in  the  outer  claws,  around  the  biopsy  area. 
Examinations  were  not  performed  again  until  approximately  three  months  later.  The 
animals  were  examined  again,  for  this  fourth  time,  in  order  to  assess  how  the  claw 
lesions  had  developed.  All  biopsy  sites  were  now  trimmed  out.  In  all  five  individuals 
there  was  solear  haemorrhage  and  some  Wceration  of  the  horn,  mostly  in  the  hind  claws 
but  also  now  apparent  on  the  front  claws  as  well. 
Biopsy  tissue  was  obtained  from  both  hind  outer  claws  of  all  five  aninials,  at  all 
stages  of  the  experiment.  Five  cores  of  tissue  were  successfully  removed  from  every 
10  mm  drilled  hole  on  the  claw  wall.  The  average  amount  of  tissue  obtained  for  culture 
from  each  claw  was  53.55  ±  2.29  mg  (n--30). 
6.3.2  Cell  proliferation 
'D  - 
Results  for  cell  proliferation  are  shown  in  Figure  6.1.  Cell  proliferation  was 
initially  very  similar  in  test  and  control  claws  (324.01  ±  69.19  vs  403.71  ±  111.63 
dpm/ggDNA/h;  p=0.53,  paired  t  test).  At  the  second  biopsy,  proliferation  had  increased 
in  the  test  claws  and  was  noticeably  higher  than  in  the  controls.  The  high  rate  of 
proliferation  was  maintained  in  the  test  claws  at  the  third  biopsy  and  was  also  now 
evident  to  a  lesser  extent  in  the  controls. 
Results  were  analysed  using  paired  t  tests  and  non-parametric  tests. 
Proliferation  was  significantly  greater  in  the  test  claws  than  in  the  controls  at  the  second 
156 biopsy  and  this  was  reflected  in  the  results  for  all  five  individual  animals  (889.83  ± 
352.26  vs  307.98  ±  57.42,  dprn/ýtgDNA/h,  p=0.039,  paired  t  test  on  log  transfon-ned 
data). 
Table  6.1  shows  that  calculation  of  a  test:  control  quotient  confirmed  that  there 
was  a  significant  increase  in  proliferation  in  the  test  claw  relative  to  the  control  between 
biopsies  one  and  two, 
At  the  third  biopsy,  proliferation  remained  high  in  the  test  claws  (889.83  ± 
352.26)  and  tended  to  increase,  but  not  significantly,  in  the  control  claws  (307.98  ± 
57.42  vs  570.29  ±  173.44,  dprn/ýigDNA/h,  p=O.  13,  paired  t  test).  There  was  no 
significant  change  in  proliferation  in  the  test  claw  relative  to  the  control  between 
biopsies  two  and  three  and  there  was  no  longer  a  significant  difference  between  control 
and  test  claws  (Table  6.1), 
6.3.3  Protein  synthesis 
Figure  6.2  illustrates  the  results  obtained  for  protein  synthesis.  At  the  first 
biopsy,  protein  synthesis  was  similar  in  test  and  control  claws  (45.88  ±  11.55  vs  34.90 
±  11.42,  dpm/ýtgDNA/h,  p=0.57,  paired  t  test).  It  did  not  change  significantly  during 
the  course  of  the  experiment,  although  it  tended  to  increase  in  both  test  and  control 
claws  throughout,  and  particularly  at  the  third  biopsy. 
Analysis  of  the  data  using  paired  t  tests  and  non-parametric  tests  confirmed  that 
there  were  no  significant  changes  in  protein  synthesis  in  either  test  or  control  claws 
throughout  the  study. 
, D,  3,  s 
Re  ults  were  further  analysed  by  calculating  a  test:  control  quotient,  which  also 
confirmed  that  there  were  no  significant  changes  in  protein  synthesis  in  the  test  claw 
relative  to  the  control  at  any  stage  of  the  experiment  (Table  6.1) 
157 6.3.4  Locomotion  score 
Results  obtained  for  locomotion  score  are  shown  in  Figure  6.3.  Locomotion 
score  was  lowest  at  the  first  examination,  considerably  higher  (worse)  at  the  second  and 
lower  again  at  the  third  and  fourth  examinations. 
The  data  were  analysed  using  paired  t  tests  and  non-parametric  tests.  Scores 
increased  significantly  during  the  challenge  phase  which  was  between  the  first  and 
second  examinations  (1.5  ±  0.00  vs  2.875  ±  0.125,  p=0.0016,  paired  t  test).  Scores  then 
decreased  almost  significantly,  post-challenge,  between  the  second  and  third 
examinations  (2.875  ±  0.125  vs  1.70  ±  0.340,  p=0.066,  paired  t  test).  Analysis  of 
variance  confirmed  that  there  was  a  significant  effect  of  time  overall  on  locomotion 
score  (p=0.043). 
6.3.5  Area  lesions 
Results  obtained  for  total  area  lesion  score  are  shown  in  Figure  6.4.  A  mean 
area  lesion  score  for  each  cow  was  calculated  by  taking  an  average  of  scores  from  all 
eight  claws.  An  overall  mean  was  then  calculated  using  means  from  each  of  the  five 
cows.  Total  area  lesion  score  remained  relatively  constant  until  becoming  dramatically 
higher  (worse)  at  the  fourth  examination.  Analysis  of  the  data  using  paired  t  tests  and 
non-parametrics  confirmed  that  this  increase  was  significant  (62.76  ±  11.20  vs  216.51 
±  62.39,  p=0.047,  paired  t  test  on  log  transformed  data)  and  lesion  score  had  increased 
in  all  five  individual  cows  at  this  time. 
Results  for  area  lesion  score  in  the  hind  outer  claws  only  were  then  plotted. 
Test  and  control  claws  could  now  be  compared  (Figure  6.5).  Overall,  lesion  scores 
tended  to  increase  as  the  experiment  progressed.  In  the  test  claws,  scores  increased  at 
the  second  examination.  At  the  fourth  measurement  scores  were  notably  higher  (worse) 
158 than  at  the  start  and  were  very  similar  in  tests  and  controls. 
The  data  were  analysed  as  described  before.  Lesion  score  in  the  test  claws 
appeared  to  increase  between  the  first  and  second  examinations,  but  this  was  not  a 
significant  change  (6.40  ±  5.50  vs  41.36  ±  17.5,  p=-O.  19,  paired  t  test).  A  significant 
increase  did  occur,  however,  in  the  test  claws  between  examinations  three  and  four 
(19.46  ±  8.60  vs  62.30  ±  20.30,  p=0.041,  paired  t  test).  Lesion  scores  also  tended  to 
increase  in  the  control  claws  between  these  times,  however,  this  was  not  significant 
(25.20  ±  11.10  vs  64.50  ±  26.50,  p=0.27,  paired  t  test)- 
Calculation  of  a  test:  control  quotient  found  that  there  were  no  significant 
changes  in  lesion  score  in  the  test  claw  relative  to  the  control  at  any  stage  of  the 
experiment  (Table  6.1). 
Analysis  of  variance  was  also  carried  out  and  there  was  a  significant  effect  of 
time  overall  on  area  lesion  total  (p=0.009). 
6.3.6  Linear  lesions 
Figure  6.6  illustrates  the  results  obtained  for  total  linear  lesion  score.  As 
described  for  area  lesions,  a  mean  for  each  cow  was  calculated  using  values  from  a]  I 
eight  claws.  Linear  lesion  score  increased  steadily  as  the  experiment  progressed. 
The  data  were  analysed  using  paired  t  tests  and  non-parametric  tests.  In  all  five 
individual  cows  scores  increased  during  challenge,  between  examinations  one  and  two 
(25.63  ±  11.00  vs  35.85  ±  6.61,  p=0.082,  paired  t  test).  Lesion  scores  also  appeared  to 
become  worse  at  examination  three,  however,  this  was  not  significant  (35.85  ±  6.61  vs 
65.01  ±  20.42,  p=0.22,  paired  t  test).  This  apparent  increase  could  be  attributed  to  one 
animal  in  which  lesion  score  rose  from  17.15  to  128.58.  However,  at  the  fourth 
examination,  lesion  score  had  remained  at  this  higher  level  (67.72  ±  35.83)  and  this  was 
159 not  due  to  one  particular  cow. 
Results  for  linear  lesion  score  were  then  plotted  wth  values  from  the  hind  outer 
claws  only.  This  allowed  comparison  of  test  and  control  claws  (Figure  6.7).  There  was 
considerable  variation  between  individual  cows,  such  that,  although  the  score  tended 
to  increase  as  the  experiment  progressed,  the  mean  changes  were  small  and  non- 
significant.  In  the  test  claws,  lesion  scores  increased  steadily  and  ended  high. 
Analysis  of  the  data  as  described  before,  confirmed  that  these  changes  in  lesion 
score  were  not  significant.  A  test:  control  quotient  was  calculated  and  there  were  no 
significant  changes  in  lesion  score  in  the  test  claws  relative  to  the  controls  at  any  time 
(Table  6.1). 
6.3.7  Claw  measurements 
Data  are  shown  in  Table  6.2.  All  measurements  were  taken  from  the  right  hind 
outer  claw  which  in  two  of  the  five  cows  was  a  control  claw  and  in  the  other  three  cows 
was  a  test  claw.  It  would  have  been  better  to  have  taken  measurements  from  both  test 
and  control  claws  of  all  five  cows.  It  was  not,  therefore,  possible  to  calculate 
test:  control  quotients  on  the  data,  as  the  test  and  control  measurements  were  from 
different  animals.  Paired  and  unpaired  t  tests  were  used  to  analyse  changes  in  all 
parameters.  Most  changes  were  small  and  not  significant  due  to  the  low  number  of 
observations,,  nevertheless,  some  trends  were  apparent. 
No  results  were  obtained  for  growth  and  wear  at  the  first  examination,  since  this 
was  when  the  first  mark  was  made  on  the  claw.  Growth  was  low  at  the  second 
examination  but  increased  at  the  third  examination  in  all  five  cows,  irrespective  of 
whether  they  were  controls  or  tests.  Har&ess  increased  at  the  last  examination  in  all 
cows.  Angle  of  both  the  outer  and  inner  claws  increased  notably  in  the  tests  between 
160 examinations  one  and  two.  Length  of  both  claws  was  shortest  at  the  first  examination 
in  tests  and  controls,  and  increased  between  the  second  and  third  examinations  in  the 
inner  claw  of  the  test  cows. 
Analysis  of  variance  was  also  camed  out  to  look  at  the  effects  of  time  overall 
on  each  parameter.  Hooves  were  not  split  into  tests  and  controls  for  this  analysis 
because  there  were  virtually  no  differences  between  them,  as  described  above,  and  this, 
therefore,  gave  a  total  of  five  observations  for  each  measurement.  Time  was  found  to 
have  significant  effects  on  hardness  (p<0.001),  and  length  of  the  outer  and  inner  claws 
(p=O.  027,  p=O.  0  10). 
6.3.8  Histology 
ImmunohistochemiCal  examination  showed  that  keratin  distribution  was  similar 
at  all  stages  of  the  experiment,  whether  in  test  or  control  claws.  Keratin  was  distributed 
throughout  the  epidermis;  in  basal,  suprabasal  and  some  hom  cells.  Keratin  5/6  was 
present  in  the  basal  cells  (Plate  6.2).  Keratin  10  was  found  predominantly  in  the 
suprabasal  cells  but  also  in  some  horn  cells,  especially  those  at  the  cap  horn  of  the 
epidermal  laminae  (Plate  6.3).  Background  fluorescence  was  too  great  to  distinguish 
a  true  distribution  of  keratin  16,  however,,  it  appeared  to  be  present  within  some  cells 
at 
at  the  cap  horn  of  the  epidermal  laminae  (Plate  6.4). 
Integrin  04  and  laminin  were  both  present  at  the  basement  membrane  along  the 
epidermal/dermal  junction  of  the  laminae  (Plate  6.5  and  6.6).  No  discontinuities  or 
alterations  In  the  pattern  of  staining  of  the  basement  membrane  were  found  at  any  stage 
of  the  experiment  and  no  differences  between  test  and  control  claws  were  observed. 
Laminin  was  also  detected  in  dermal  blood  vessels  (Plate  6.7). 
Periodic  Acid  Schiff  (PAS)  staining  confinned  that  there  were  very  few  changes 
161 in  the  histology  of  the  samples  throughout  the  study,  in  either  test  or  control  claws.  In 
all  cases  the  basement  membrane  was  stained  (magenta  pink)  and  was  intaq,  with  no 
disruptions  or  protrusions  which  were  not  accounted  for  by  artifactual  damage  during 
processing  (Plate  6.9).  The  counter-stain  of  haernatoxylin  stained  the  nuclei  of  all  cells, 
except  the  horn  cells  in  which  the  nuclei  had  been  lost.  In  all  cases  the  basal  cells  were 
columnar  in  appearance.  The  suprabasal  cells  of  the  epidermis  usually  appeared  in  a 
linear  pattern  but  were  also  often  in  a  'whorl'  like  arrangement  (Plate  6.10).  These 
different  arrangements  did  not,  however,  correlate  with  the  different  stages  of  the 
experiment  and  the  'whorls'  most  likely  represented  a  plane  of  section  artefact. 
in  some  samples  dermal  'circles'  were  present  in  the  cap  horn  area.  These  were 
detected  in  both  test  and  control  samples  (Plate  6.11).  These  'circles'  may  have 
indicated  an  alteration  in  horn  formation  but  probably  reflected  the  actual  position  and 
angle  of  the  biopsy  site  on  the  claw  wall. 
In  both  the  control  and  test  samples  during  the  recovery  stage  of  the  expenment,, 
perivascular  lymphocytes  were  present  which  indicates  that  infection  occurred  in  these 
claws  (Plate  6.12). 
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Figure  6.1  Cell  proliferation  (measured  as  3  H-thymidine  incorporation)  in  claw 
tissue  biopsies  obtained  from  test  (challenged)  and  control  (blocked)  claws  during 
the  onset,  development  and  recovery  from  challenge.  Values  are  means  ±  s.  e.;  n--5. 
(*  p<0.05  when  comparing  test  and  control  claws  during  development  using  a  paired 
t  test  on  the  log  transformed  data). 
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Figure  6.2  Protein  synthesis  (measured  as  35  S-methionine  incorporation)  in  claw 
tissue  biopsies  obtained  from  test  (challenged)  and  control  (blocked)  claws  during 
the  onset,  development  and  recovery  from  challenge.  Values  are  means  ±  s.  e.;  n--5. 
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Figure  6.3  Locomotion  score  during  the  onset,  development,  recovery  and  3  months 
post-recovery  from  challenge.  Values  are  means  ±  s.  e.;  n=5,  except  for  'develop'ý 
when  n=4.  (*  P<0.05  when  comparing  onset  and  development  values  using  a  paired 
t  test). 
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Figure  6.4  Total  area  lesion  score  for  all  claws  during  the  onset,  development,, 
recovery  and  3  months  post-recovery  from  challenge.  Values  are  means  ±  s.  e.;  n=5, 
except  for  'develop'  when  n=4.  (*  p<0.05  when  comparing  recovery  and  3  months 
values  using  a  paired  t  test  on  the  log  transformed  data). 
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Figure  6.5  Area  lesion  scores  for  hind  outer  claws  only  which  were  either  tests 
(challenged)  or  controls  (blocked).  Scores  are  shown  for  the  onset,  development, 
recovery  and  3  months  post-recovery  from  challenge.  Values  are  means  ±  s.  e.;  n=5, 
except  for  control  and  test  at  'develop'  when  n=4.  (*  p<0.05  when  comparing 
recovery  and  3  months  values  for  the  test  claws  using  a  paired  t  test). 
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Figure  6.6  Total  linear  lesion  score  for  all  claws  during  the  onset,  development, 
recovery  and  3  months  post-recovery  from  challenge.  Values  are  means  ±  s.  e.;  n=5, 
except  for  'develop'  when  n=4. 
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Figure  6.7  Linear  lesion  score  for  hind  outer  claws  only  which  were  either  tests 
(challenged)  or  controls  (blocked).  Scores  are  shown  for  the  onset,  development, 
recovery  and  3  months  post-recovery  from  challenge.  Values  are  means  ±  s.  e.;  n=5, 
except  for  control  and  test  at  'develop'  when  n=4. 
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develop Onset  to  Development  Recovery  to 
development  to  recovery  +3  months 
Cell  TCQ  3.06  ±  0.86  0.88  ±  0.36  n.  d. 
proliferation 
P  value  0.016  0.33  n.  d. 
Protein  TCQ  4.08  ±  3.44  1.26  ±  0.71  n.  d. 
th  syn  esis 
P  value  1.00  0.52  n.  d. 
Area  lesions  TCQ  41.60±39.20  1.30  ±  0.74  21.99±13.30 
(hind  outer 
claw) 
P  value  0.20  0.51  0.76 
Line  lesions  TCQ  0.55  ±  0.29  106.90  ±  106.0  25.41±17.70 
(hind  outer 
claws) 
P  value  0.22  0.67  0.51 
Table  6.1  Analysis  of  changes  between  the  onset,  development,  recovery  and  +3 
months  stages  of  the  experiment.  Values  are  test:  control  quotlents  (TCQ)  and  are 
means  (n--5)  ±  s.  e.  Values  are  significantly  different  when  p<0.05;  paired  t  test  on 
log  transformed  data  (n.  d.  =not  determined). 
171 Onset  Develop  Recovery  +3  months 
Growth  Control  n.  d.  3.20  5.40  3.35 
mm.  /month 
Test  n.  d.  3.20  ±  1.10  5.49  ±  0.36  4.41  ±  0.73 
Wear  Control  n.  d.  1.60  3.60  2.20 
mm.  /month. 
Test  n.  d.  3.45  ±  3.50  3.89  ±  0.79  4.01  ±  0.82 
Hardness  Control  79.84  81.90  82.78  86.50 
Test  82-25±0.42  81.09±1.50  81.08±1.72  85.62-+0.69 
Angle  outer  Control 
_52.50 
53.00  53.50  54.50 
Test  47.67±2.70  55.00±5.00  47.67±1.45  50.67±2.67 
Angle  inner  Control  45.00  44.50  45.00  46.50 
Test  45.67±3.20  55.00±0.00  46.00±1.00  47.67±3.84 
Length  Control  81.50  83.50  87.00  90.00 
outer 
Test  82.00±0.58  82.00±3.00  83.67±3.18  84.67±2.40 
Length  Control  81.00  82.00  86.00  87.00 
inner 
Test  82.00±2.08  74.00±0.0a  86.33±1.7b  82.67±0.33 
Table  6.2  Analysis  of  changes  in  claw  measurements.  Values  are  means(n==2 
controls).  Values  are  means  ±  s.  e.  (n=3  tests).  For  each  parameter,  adjacent  values 
with  different  letters  are  significantly  different  (p<0.05).  Horizontal  comparisons  are 
paired  t  tests  and  vertical  compansons  are  unpaired  t  tests. 
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claw  biopsy  tissue.  The  anti-keratin  10  antibody  is  detected  in  the  suprabasal  cells 
but  also  in  some  horn  cells  of  the  epidermal  laminae.  AO;  bar  represents  30  gm.  B 
DAPI  incorporation  pair  of  A  showing  all  nuclei  in  the  tissue  section  and,  therefore,, 
that  other  cell  types  are  present. 
Plate  6.3  A  Indirect  immunofluorescent  detection  of  anti-keratin  10  in  cryosection  of Plate  6.4  Indirect  immunofluorescent  detection  of  anti-keratin  16  in  cryosection  of 
claw  biopsy  tissue.  Keratin  16  appears  to  be  present  within  some  cells  at  the  cap  horn 
of  the  epidermal  laminae.  x40;  bar  represents  30  ýim. B 
Plate  6.5  A  Indirect  immunofluorescent  detection  of  anti-integrin  04  in  cryosection 
of  claw  biopsy  tissue.  The  anti-integrin  P4  antibody  is  detected  at  the  basement 
membrane  along  the  epidermal/dermal  junction  of  the  laminae.  x40;  bar  represents 
30  gm.  B  DAPI  incorporation  pair  of  A  showing  all  nuclei  in  the  tissue  section  and, 
therefore,  that  all  cell  types  are  present. Plate  6.6  A  Indirect  immunofluorescent  detection  of  anti-laminin  in  cryosection  of 
claw  biopsy  tissue.  The  anti-laminin  antibody  is  detected  along  the  basement 
membrane.  AO;  bar  represents  30  gm.  B  DAPI  incorporation  pair  of  A  shoWing  all 
nuclei  in  the  tissue  section  and,,  therefore,  that  all  cell  types  are  present. A 
B 
Plate  6.7  Indirect  immunofluorescent  detection  of  anti-laminin  in  cryosection  of 
claw  biopsy  tissue  and  illustrating  capillaries  in  the  dermal  laminae.  A  Control  claw 
during  development  stage  of  experiment.  B  Control  claw  during  recovery  stage.  Both 
10;  bar  represents  100  gm.  C  and  D  on  next  page. C 
D 
Plate  6.7  C  Test  claw  during  development  stage.  D  Test  claw  during  recovery  stage. 
Both  x  10;  bar  represents  100  pm. - 
Plate  6.8  A  Anti-mouse  IgG  FITC-conj  ugated  antibody  control,  x  10  -  bar  represents 
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Plate  6.9  Claw  biopsy  tissue  cryosection  stained  with  PAS  and  illustrating  the 
basement  membrane.  x  10;  bar  represents  100  gm. 
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Plate  6.10  Claw  biopsy  tissue  cryosection  stained  with  PAS/haematoxylin.  The 
suprabasal  cells  of  the  epidermis  often  appear  in  a  'whorl'  like  arrangement.  x40;  bar 
represents  30  gm. 
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Plate  6.11  Claw  biopsy  tissue  cryosection  stained  with  PAS/haematoxylin.  Dermal 
C  circles'  appear  in  the  cap  horn  area  of  the  laminae.  A  Control  claw  during 
development  stage  of  experiment.  B  Test  claw  during  recovery  stage.  Ax  10,  Bx40; 
bar  represents  100  ptm  - 
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*th  PAS/haematoxyl'n  and  Plate  6.12  Claw  biopsy  tissue  cryosection  stained  wi  I 
illustrating  blood  vessels  present  in  the  dermis.  A  Control  claw  during  development 
stage.  B  Control  claw  during  recovery  stage.  Both  AO;  bar  represents  100  ýIrn.  C 
and  D  on  next  page. 
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Plate  6.12  C  Test  claw  during  development  stage.  D  Test  claw  during  recovery 
stage.  Both  x4;  bar  represents  200  gm.  Plates  6.12B  and  6.12D  show  the  presence  of 
D 
perivascular  lymphocytes  which  indi  I  ion. 6.4  DISCUSSION 
The  results  suggest  that  this  experiment  induced  lameness  because  locomotion 
score  increased  and  claw  lesion  score  worsened,,  however,  it  would  not  be  correct  to 
assume  that  this  was  entirely  an  effect  of  concrete  flooring  and  weight-bearing 
challenge  since  the  actual  biopsy  procedure  itself  most  likely  caused  considerable 
trauma  to  the  claw,  especially  since  i  wi  I  ime  it  was  repeated  several  times  ithin  a  short  ti 
period. 
Locomotion  score  increased  during  the  development  stage  and  then  decreased 
as  expected  during  the  recovery  part  of  the  experiment.  However,  these  changes  in 
locomotion  score  may  have  been  related  to  the  claw  blocks.  After  claw  blocks  were 
fitted  it  took  the  animals  some  time  to  become  accustomed  to  wearing  them  and  their 
gait  was  obviously  affected.  However,  perhaps  more  importantly,  the  biopsy  procedure 
itself  very  likely  caused  much  pain  and  discomfort  in  the  sampled  claw  and  this  would 
have  undoubtedly  affected  gait.  Indeed,  taking  biopsies  from  both  hind  feet  may  have 
significantly  altered  weight  distribution  and  resulted  in  much  greater  pressures  and 
hence  lesions  in  the  ftont  claws.  It  must  also  be  considered  that  locomotion  scoring  is 
a  subjective  assessment  and  it  is  conceivable  that  scores  may  have  increased  during 
challenge  because  the  observer  expected  them  to  do  so. 
The  claw  blocks  provided  an  elevated,  non-weight-bearing  claw  which  was  not, 
of  course,  an  actual  'control'  claw  in  the  sense  that  it  was  totally  'normal',  since  a 
normal  claw  takes  a  proportion  of  the  animals'  weight  and  is  subject  to  regular  impact 
with  the  ground.  However,  the  aim  of  this  experiment  was  not  necessarily  to  reflect 
what  happens  in  a  'normal'  claw  but  to  establish  a  model  to  look  for  localised  responses 
caused  by  mechanical  challenge.  There  is  no  direct  evidence  from  this  experiment  that 
the  elevated  claw  was  'different'  and  less  stressed  than  the  challenged  claw,  howe-ver, 
185 other  studies  using  a  pedobarograph  (McGovern  and  Logue,  1998),  which  measures 
pressure  across  the  sole  of  the  claw,  have  confirmed  that  claw  blocks  do  take  almost 
entirely  all  the  weight  off  the  elevated  claw  (personal  communication;  D.  Logue).  One 
disadvantage,  however,  in  using  the  claw  blocks,  was  that  they  tended  to  become 
detached.  This  was  a  particular  problem  when  the  cows  were  at  pasture,  since  the 
blocks  tended  to  sink  into  the  ground  and  get  ripped  off.  The  cows  feet  had  to  be 
checked  twice  daily  to  ensure  that  the  blocks  were  still  attached.  Any  which  did  fall  off 
were  replaced  as  soon  as  possible.  Approximately  one  block  per  animal  fell  off  during 
the  course  of  the  experiment.  The  maximum  time  any  block  remained  off  was 
approximately  12  hours.  Detachment  of  the  blocks  is  an  important  factor  to  consider 
because  even  12  hours  of  weight-beating  in  the  'control'  claw  would  render  the  results 
invalid. 
Area  lesion  scores  became  dramatically  worse  in  both  test  and  control  claws  at 
the  last  examination.  Since  lesion  scores  also  increased  in  the  controls  at  this  time  this 
suggests  that  it  was  an  effect  of  the  biopsy  technique  which  most  likely  caused 
considerable  damage  and  infection  of  the  tissues.  These  lesions  would  not  have  been 
apparent  at  the  onset  of  the  experiment  because  lesions  are  known  to  take  several  weeks 
to  develop  after  the  initial  insult  to  the  claw  (Leach  et  al.,  1997).  Any  tendency  for 
linear  lesion  scores  to  increase  was  again  probably  due  to  the  biopsy  procedure  itself 
Histology  showed  the  presence  of  perivascular  lymphocytes  and,  therefore,  infection  in 
samples  obtained  from  both  control  and  test  claws  at  the  recovery  stage.  This  may 
explain  the  increase  in  lesion  scores  at  the  last  examination. 
In  retrospect,  a  control  group  which  was  claw  examined  only  and  not  used  for 
biopsy  could  have  helped  to  assess  how  lesions  would  have  developed  as  a  result  of  the 
experiment  only  and  without  any  effects  of  the  biopsy  technique  itself 
186 Overall,  there  was  little  change  in  claw  conformation  and  very  few  differences 
between  the  test  and  control  claws.  Growth  rate  increased  during  the  recovery  stage  in 
both  tests  and  controls,  and  may  have  been  a  response  to  the  biopsy  technique.  Wear 
also  increased  in  both  tests  and  controls  at  the  recovery  stage,  but  this  was  probably  due 
to  claw  trimming  during  the  examinations.  Hardness  increased  at  the  last  examination 
in  both  claws  probably  because  the  animals  were  outside  on  grass. 
During  lameness  challenge,  cell  proliferation  increased  in  the  claw  subjected  to 
weight-bearing.  By  the  recovery  stage  of  the  experiment,  increased  proliferation  was 
also  evident  in  the  control  claws.  Protein  synthesis  did  not  change  significantly  during 
the  course  of  the  experiment,  although  it  tended  to  increase  in  both  test  and  control 
claws  at  the  third  biopsy.  Since  cell  proliferation  increased  during  challenge  and 
protein  synthesis  per  cell  did  not  decrease,  there  may  have  been  an  increase  in  overall 
keratinisation.  Perhaps,  cell  proliferation  increases  locally  as  a  response  to  force 
(weight-bearing).  Localised  changesin  cell  proliferation  may  be  mediated  by  autocrine 
or  paracrine  growth  factors  as  discussed  in  earlier  chapters.  Interactions  between 
neighbouring  cells  and  with  the  extracellular  matrix  are  also  likely  to  be  important  in 
regulating  local  events.  Cell  shape  can  also  change  in  response  to  physiological 
demands  and  Gupta  and  Rangaraj  (1996)  suggested  that  cell  shape  changes  can  exert 
specific  effects  on  gene  expression.  Perhaps,  compression  of  claw  tissues  when  subject 
to  an  increase  in  mechanical  load  could  have  an  effect  on  cell  shape  and,  therefore, 
cellular  events  such  as  division.  However,  we  found  no  histological  evidence  of  cell 
shape  change  in  this  study  in  either  test  or  control  claws. 
The  increase  in  cell  proliferation  may,  however,  have  been  an  effect  of  the 
biopsy  procedure  itself  The  tissue  may  have  increased  keratinisation  in  order  to  repair 
or  replace  damaged  tissue.  This  would  agree  with  the  findings  of  Hendry  et  aL  (1998), 
187 in  which  protein  synthesis,  and  to  a  lesser  extent  cell  proliferatIon,  were  higher  In  tissue 
from  ulcerated  bovine  claws  than  in  clinically  normal  bovine  claws.  Ulceration 
an  eared  to  stimulate  cell  repair  and  regeneration  of  normal  keratinised  hom.  Up 
In  the  previous  chapter  a  decrease  in  cell  proliferation  was  associated  with 
lameness  but  in  this  chapter  it  appears  that  an  increase  in  cell  proliferation  could  also 
1-  -,  be  important.  It  may  be  that  cell  proliferation  undergoes  degenerative  and  regenerative 
phases  during  a  lameness  episode  and  whether  or  not  it  is  increasing  or  decreasing 
depends  on  what  stage  of  the  condition  biopsies  were  taken  from  the  animal. 
Keratin  subtype  and  distribution  were  similar  at  all  stages  of  the  experiment, 
whether  in  test  or  control  claws,  and  was  similar  to  that  found  in  previous  studies 
(Hendry  et  aL,  1998).  Keratin  5/6  was  found  principally  in  the  basal  layer  and  keratin 
10  was  expressed  suprabasally.  The  experiment  appeared,  therefore,  not  to  have  an 
effect  on  keratin  subtype  location.  However,  changes  may  occur  much  later  in  the 
disease  process,  when  lesions  become  visible  on  the  surface  of  the  claw.  In  a  separate 
study  where  colleagues  compared  healthy  and  diseased  tissue  obtained  post-mortem, 
keratin  distribution  was  altered  in  tissue  obtained  from  the  site  of  a  solear  ulcer  (Hendry 
et  aL  . 
1998).  The  predominantly  basal  keratins  5  and  14  were  also  found  to  be 
expressed  suprabasally.  The  authors  suggest  that  this  was  probably  due  to  a  loss  of 
positional  cues  ftom  the  basement  membrane.  Damage  to  the  basement  membrane  has 
been  shown  to  be  an  early  feature  of  the  disease  process  in  both  the  horse  (Pollitt,  1996) 
and  cow  (Kempson  and  Logue,  1993b).  However,  at  all  stages  of  this  experiment,  the 
basement  membrane  was  intact,  with  no  apparent  disruptions  or  protrusions. 
Hendry  et  aL  (1998)  also  detected  keratin  16  in  the  sole  of  diseased  but  not 
healthy  claws.  Keratin  16  is  known  to  be  expressed  in  hyperproliferating  suprabasal 
keratinocytes  in  pathological  disease  (Weiss  et  aL,  1984)  and  during  wound  healing 
188 (Mansbridge  and  Knapp,  1987).  There  was  some  evidence  of  keratin  16  expression  in 
this  study,  however 
,  it  was  found  in  both  test  and  control  claws  and  so  was  probably  not 
related  to  weight-bearing  challenge.  The  expression  of  keratin  16  was  most  probably 
a  wound  repair  response  to  damage  caused  by  the  biopsy  procedure  itself 
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The  claw  biopsy  technique  was  found  to  be  suitable  for  obtaining  tissue  for  in 
vitro  tissue  culture  using  the  method  described  by  Hendry  et  aL  (1995)(Chapter  3). 
Combining  these  techniques  provided  the  opportunity  to  study  cell  biological  changes 
in  the  claws  of  individual  animals  in  longitudinal  studies  and  to  investigate  the 
influence  of  physiological  and  management  factors  on  the  claw  tissues. 
The  influence  of  nutritional  and  environmental  stressors  on  the  hoof  was  first 
to  be  investigated  (Chapter  4).  Protein  synthesis  was  found  to  be  significantly  higher 
after  treatment.  It  is  not  clear,  however 
,  if  this  was  an  effect  of  challenge  or  the  biopsy 
procedure  itself  Furthermore,  in  this  initial  experiment  the  samples  were  analysed  in 
separate  batches  with  different  buffers,  which  may  have  introduced  error  into  the 
results.  In  future  experiments  samples  were  kept  and  analysed  in  one  large  batch  where 
this  was  appropriate  and  standard  errors  did  become  smaller. 
Physiological  and  endocrinological  changes  associated  with  calving  may  be 
important  in  predisposing  animals  to  lameness  (Chapter  5).  A  long-term  developmental 
study  of  first-calVing  heifers  found  that  changes  in  cell  proliferation  and  protein 
synthesis  in  the  claw  were  clearly  related  to  reproductive  state.  Many  of  these  changes 
were  associated  with  calving.  The  most  notable  changes  were  a  dramatic  decrease  in 
cell  proliferation  immediately  after  parturition  in  the  summer  calvers  and  an  increase 
in  protein  synthesis  following  parturition  in  the  winter  calvers.  The  effects  of 
physiological  state  on  the  claw  tissues  could  have  been  mediated  hormonally  or 
associated  with  the  partitioning  of  nutrients  at  this  time.  Previous  studies  have  shown 
that  hormones  and  growth  factors  can  have  a  direct  effect  on  hoof  epidermal 
190 keratinisation  in  vitro  (Hendry  et  al.,  1999).  Future  work  should  concentrate  on  relating 
changes  in  hoof  cell  biology  during  the  reproductive  cycle  to  the  endocrine  status  of  the 
animals. 
In  the  same  experiment  the  changes  in  cell  proliferation  and  protein  synthesis 
were  also  clearly  related  to  the  time  of  year.  The  cells  of  the  claw  were  actively 
proliferating  and  synthesising  protein  during  the  summer  months  but  were  quiescent  in 
winter.  Likely  factors  which  could  have  mediated  this  seasonal  effect  are 
environmental  temperature  and/or  photoperiod.  These  findings  suggested  that  the  high 
incidence  of  lameness  which  occurs  in  winter  calving  heifers  could  at  least  in  part  be 
related  to  inadequate  keratinisation  at  this  time  of  year.  As  a  result  of  these  findings, 
the  Hannah  has  recently  begun  experiments  to  examine  the  effects  of  changing 
daylengths  on  the  bovine  hoof 
An  investigation  was  also  carried  out  to  study  the  cell  biological  changes  in  the 
claw  which  take  place  during  the  onset,  development  and  recovery  stages  of  weight- 
bearing  challenge  and  the  effects  of  concrete  flooring  (Chapter  6).  During  the 
development  stage  of  the  experiment  cell  proliferation  was  found  to  increase 
significantly  in  claws  subjected  to  weight-bearing.  It  could  be  that  the  claw  tissues  were 
responding  directly  to  challenge  by  increasing  the  rate  of  cell  proliferation,  however, 
it  is  likely  that  the  biopsy  procedure  itself  also  had  an  effect  in  this  experiment  due  to 
the  short  time  periods  between  each  sampling. 
This  study  suggests  that  larneness  could  be  associated  with  altered  cell  biology 
in  the  epidermis  of  the  hoof  This  may  be  related  to  physiological  and  endocrinological 
changes  associated  with  the  time  of  year  or  reproductive  state  of  the  ammal.  However, 
changes  in  nutrition  and  environment  may  also  be  important.  It  is  most  likely  that  the 
combination  of  a  number  of  different  factors  predisposes  an  animal  to  lameness.  The 
191 findings  of  this  study  can  be  incorporated  into  a  model  of  bovine  lameness  as  shown 
below. 
Large  challenge 
sustainable 
Winter 
'Good'  Ideal 
Normal 
Poor 
'Bad' 
Summer 
Small  challenge 
not  sustainable 
This  model  shows  how  cell  function,,  shown  on  the  ordinate,,  varies  with  time 
of  year.  Hoof  cell  function  is high  during  the  summer  months  and  this  is  'good'  in 
terms  of  hoof  health,  however,  during  winter  cell  function  is  low  which  Is  'bad".  Other 
factors  which  predispose  to  lameness  move  the  curve  upwards  or  downwards.  Improved 
nutrition  would  push  the  curve  up  towards  the  ideal  situation,  whereas  poor  nutrition 
would  move  it  downwards.  Genetic  differences  in  susceptibility  to  lameness,  which 
have  not  been  considered  in  this  thesis,,  would  have  an  identical  effect,  and  it  is  likely 
that  modest  but  sustained  energetic  burden  such  as  that  imposed  by  pregnancy  would 
also  pull  the  curve  downwards.  This  model  sets  the  underlying  or  tonic  rate  of  hoof  cell 
function.  Acute  changes  brought  about  by  a  sudden  challenge  are  not  represented  here, 
but  the  model  allows  one  to  predict  what  the  consequences  of  such  challenge  are  likely 
to  be.  Assuming  that  the  position  shown  for  the  abscissa  represents  that  level  of  cell 
192 activity  required  to  tolerate  a  lameness  challenge,  during  summer  few  cows  Will  be 
susceptible  to  challenge  and  the  best  bred,  best  fed  cows  (the  ideal  line)  Will  be  able  to 
tolerate  a  large  challenge.  During  winter,  however,  the  majority  of  cows  are  susceptible 
and  those  folloWng  the  poor  line  will  be  unable  to  tolerate  even  a  very  modest 
challenge.  Careful  management  of  animals  during  the  winter  would,  therefore,  be 
essential  to  push  the  curve  towards  the  ideal  situation  and  thereby  reduce  the  chance  of 
clinical  lameness. 
Mtered  cell  biology  in  the  epidermis  of  the  bovine  claw  could  result  in  impaired 
keratinisation  and  the  formation  of  inferior  quality  hom,  however,  this  was  not 
es  ishe  in  any  way  in  this  study.  Any  reduction  in  the  mechanical  resistance  of  the 
hom  could  decrease  its  ability  to  resist  external  stressors  and  traumatic  insults  and 
increase  the  possibility  of  damage  to  the  underlying  dermis,  especially  in  those  parts  of 
the  claw  which  are  weight-bearing.  However,  challenge  could  also  stimulate  cell  repair 
in  the  claw  by  increasing  keratin  synthesis  and  keratinocyte  proliferation.  Hoof 
keratinisation  may,  therefore,  undergo  degenerative  and  regenerative  phases  during  the 
course  of  a  lameness  episode. 
In  conclusion.,  the  biopsy  technique  was  greatly  improved  as  this  study 
developed.  The  aseptic  procedure  was  perfected  and  the  number  of  cows  in  which  the 
biopsy  sites  became  infected  was  reduced.  However,  the  ethics  of  such  an  invasive 
technique  should  still  be  questioned  as  the  procedure  undoubtedly  causes  pain  and 
discomfort  to  the  animal.  This  procedure  is,  nevertheless,  the  only  method  available 
to  study  changes  within  the  claws  of  individual  animals  in  long-ten'n  experiments  and 
it  has  great  potential  for  studying  the  effects  of  physiological  factors  and  management 
intervention  on  keratinisation  in  the  bovine  claw. 
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